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THE  ENGINEERS'  WORK  IN   THE  WEST,  AT  AN  EARLY   DAY   AND    DURING 

THE  CIVIL  WAR 

Gen.  Grenville  M.  Dodge. 

Read  at  the  Annual  Meeting,  January  5,  1909. 

I  have  been  requested  to  talk  to  you  about  the  civil  engineers  of 
my  day.  This  is  a  subject  of  so  much  importance  and  so  much 
breadth  that  it  is  almost  impossible  to  grasp  it.  The  work  of  the 
civil  engineer  in  developing  our  country  and  in  the  Civil  War  has 
never  been  comprehended  nor  proper  tribute  paid  to  it,  and  I  can 
only  take  it  up  in  small  details.  Perhaps  I  can  show  it  to  you  more 
clearly  by  stating  what  I  personally  saw  of  it,  and  this  will  be  better 
than  to  try  to  go  into  the  subject  generally. 

As  a  young  boy,  twenty  years  old,  I  left  Norwich  University, 
Vermont,  a  military  college,  as  a  civil  and  military  engineer.  My 
military  training  was  perhaps  of  as  much  or  more  benefit  to  me 
generally  than  what  I  had  learned  of  engineering,  in  the  work  I  had 
to  undertake,  for  it  taught  me  how  to  command  men ;  it  gave  me 
discipline,  a  respect  for  authority,  obedience  to  order,  loyalty  to  my 
country,  and  an  interest  in  the  work  of  my  employer,  that  it  would 
be  impossible  for  me  to  have  gotten  in  any  other  way.  I  came  west 
and  took  an  axe-man's  place  in  an  engineering  party  on  the  Illinois 
Central  railroad.  Mr.  Blackstone  was  the  division  engineer  with 
headquarters  at  La  Salle,  this  state.  I  was  assigned  to  a  party  that 
was  running  a  line  from  La  Salle  to  Dixon.  As  soon- as  I  joined  it 
Tsaw  that  its  chief  was  a  lazy  fellow.  He  soon  learned  that  I  could 
run  an  instrument,  and  put  me  at  that  work,  he  staying  in  the  house 
pretending  to  work  up  the  data  we  obtained  in  the  field.  It  was  a 
cold  winter,  the  thermometer  often  below  zero  and  I  thought  I  saw 
plainly  the  line  I  was  running  would  not  be  acceptable  and  made  up 
my  mind  that  as  soon  as  we  returned  to  La  Salle  to  leave  the  party 
and  seek  a  berth  somewhere  else,  for  I  was  satisfied  that  Mr.  Black- 
stone  would  discharge  the  entire  party.  I  followed  this  inclination. 
When  I  returned  to  La  Salle  and  submitted  our  work,  I  called  upon 
Mr.  Blackstone  asking  him  for  my  pay,  stating  I  was  going  to  leave. 
He  greeted  me  very  cordially  and  seemed  astonished  at  my  request. 
However,  he  complied  with  it  and  I  immediately  left.  A  few  years 
after  this  incident,  when  I  had  become  better  acquainted  with  Mr. 
Blackstone  he  used  to  make  a  good  deal  of  fun  of  me  by  stating  he 
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knew  I  had  run  the  line,  that  it  was  a  good  line,  and  that  he  intended 
to  give  me  the  chief's  place  and  put  me  at  the  head  of  the  party,  thus 
showing  me  that  I  was  a  little  previous  in  my  act,  and  that  I  did  not 
know  how  good  a  line  I  had  run. 

When  I  came  west  I  had  in  my  mind  the  Pacific  railroad,  and  as 
an  indication  to  you  of  my  enthusiasm  in  that  quarter,  I  quote  an 
extract  that  I  wrote  home  from  Peru,  111.,  Sept.  12,  1851.  It  is  as 
follows : 

"I  closed  my  last  letter  by  saying  that  there  was  good  news. 
"A  telegraph  dispatch  was  received  here  that  the  Rock  Island 
"road  200  miles  long  was  to  be  built,  that  Sheffield  and  Farnam 
"of  Connecticut  had  taken  the  contract.  This  will  give  direct 
"connection  by  the  Rock  Island  road  with  Wisconsin,  Iowa,  and 
"Oregon,  for  this  is  the  true  Pacific  road  and  will  soon  be  built 
"to  Council  Bluffs,  where  a  road  from  St.  Louis  will  be  met 
"and  thence  to  San  Francisco,  this  being  the  shortest  and  most 
"feasible  route.  In  an  eastern  direction,  this  road  connects  with 
"the  Michigan  Southern,  which  is  nearly  completed  to  Chicago 
"and  will  give  us  through  railroad  connections  with  New  York 
"and  Boston." 

The  Council  Bluffs  I  mentioned  was  that  named  by  Lewis  and 
Clark,  the  town  now  known  by  that  name  not  having  been  organized 
at  that  time. 

I  left  the  Illinois  Central  R.  R.  and  went  to  the  Rock  Island  road 
as  axe-man  under  Mr.  Peter  A.  Dey  who  was  the  division  engineer 
stationed  at  Tiskilwa.  I  was  with  Mr.  Dey  about  eight  months  and 
under  his  direction  made  a  survey  of  the  Peoria  and  Bureau  Valley 
railroad  in  Illinois.  Mr.  Dey  was  promoted  to  chief  engineer  of  the 
Mississippi  and  Missouri  railroad  and  took  me  to  Iowa  as  his  princi- 
pal assistant,  placing  me  in  charge  of  a  party  in  the  field,  which  was 
a  very  fine  promotion  for  the  limited  experience  I  had.  It  is  one 
of  the  greatest  satisfactions  of  my  life  to  have  had  the  friendship 
of  Mr.  Dey  from  the  time  I  entered  his  service.  Mr.  Dey  is  not 
only  a  very  distinguished  citizen  of  Iowa,  but  is  one  of  the  most 
eminent  engineers  of  this  country.  He  is  known  for  his  great 
ability,  his  uprightness,  and  the  square  dealing  he  gave  everyone. 
He  has  greatly  honored  his  state  in  the  many  public  positions  he  has 
held,  lie  has  a  wide  reputation  as  an  engineer  and  railway  con- 
structor, and  in  later  years  as  railway  commissioner  of  the  state  of 
Iowa. 

In  May.  1853,  we  crossed  the  Mississippi  river  at  Davenport  and 
surveyed  the  fir^t  railroad  line  across  Iowa.  The  settlements  in  Iowa 
were  then  confined  almost  entirely  to  the  country  between  Daven- 
port and  Iowa  City.  From  Iowa  City,  west  to  Des  Moines  there 
were  very  few  settlers  and  from  Des  Moines  to  Council  Bluffs  there 
were  none.  On  reaching  the  Missouri  river,  my  party  was  in- 
structed to  push  west  into  the  great  Platte  valley  to  determine  where 
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a  road  running  up  that  valley  would  strike  the  Missouri  river.  That 
country  then  was  occupied  solely  by  Indians  and  there  was  scarcely 
a  man  in  my  party  who  had  seen  an  Indian.  We  crossed  the  river 
in  a  flat  boat  and  I  commenced  the  surveys  west  from  where  the 
city  of  Omaha  now  stands.  After  I  had  raised  the  bluffs  skirting 
the  Missouri,  I  left  the  party  in  charge  of  my  assistant,  Mr.  J.  E. 
House,  and  went  on  alone  some  twenty-five  miles  to  the  Elkhorn 
valley  looking  up  the  country  ahead.  On  reaching  the  Elkhorn  val- 
ley about  noon,  I  lariated  my  horse,  took  my  rifle  and  hid  it,  and 
making  a  pillow  of  my  saddle,  lay  down  to  take  a  rest.  I  had  lost  a 
good  deal  of  sleep  and  was  very  tired.  How  long  I  slept  there  I  do 
not  know,  but  I  was  awakened  by  the  noise  of  my  pony.  Jumping 
up  I  saw  an  Indian  leading  him  towards  the  Elkhorn  river  as 
rapidly  as  he  could.  The  pony  was  holding  back,  being  evidently 
very  much  frightened  at  the  Indian ;  I  was  greatly  frightened  my- 
self, hardly  knowing  what  to  do,  but  I  grabbed  my  rifle  and  rushed 
after  the  pony  and  the  Indian  yelling  at  the  top  of  my  voice.  He 
let  go  the  horse  and  swam  across  the  Elkhorn  out  of  my  reach  and 
I  was  very  glad  to  see  him  go. 

In  1865  during  the  Indian  campaigns  I  made  upon  the  plains,  that 
Indian  was  an  enlisted  man  in  a  battalion  of  Pawnees.  He  told 
his  commander,  Major  North,  that  the  reason  he  gave  up  the  horse 
was  that  I  made  so  much  noise  it  frightened  him  so,  it  nearly  scared 
him  to  death. 

Returning  to  my  party,  I  found  them  camped  on  the  Papillion 
Creek,  with  the  camp  full  of  Indians  and  every  man  in  the  party 
cooking  or  feeding  them.  I  saw  that  radical  action  had  to  be  taken 
or  the  provisions  I  had  would  all  be  gone.  My  party  was  thoroughly 
armed.  I  got  them  together  immediately  and  notified  the  Indians  to 
get  out.  By  my  prompt  action  they  saw  we  meant  business  and 
left  us.  From  that  time  until  I  stopped  my  work  on  the  plains  I 
never  allowed  the  party  to  have  Indians  come  into  camp  except  with 
the  party's  permission. 

This  is  the  kind  of  responsibility  the  young  engineer  in  that  day 
had  to  take.  He  was  away  from  anyone  to  advise  with  or  to  lean 
upon.  He  was  responsible  for  his  party,  its  life  and  safety  were  in 
his  hands,  and  in  the  development  of  this  country  the  risks  taken 
and  the  dangers  faced  have  never  been  told. 

From  this  time  until  the  Civil  War,  we  were  engaged  in  building 
the  railroad  to  Iowa  City,  the  capital  of  Iowa,  and  in  making  recon- 
naissance west  of  the  Missouri  river  for  a  Pacific  railroad.  It  might 
seem  strange  to  you  that  although  the  government  spent  millions  of 
dollars  in  examining  different  routes  for  the  Pacific  railway,  cover- 
ing the  country  between  parallels  of  32  and  49  deg.  North  Latitude, 
which  reports  of  examinations  were  printed  in  a  dozen  large 
volumes,  no  examination  was  made  by  the  government  upon  the 
most  feasible  route  across  the  continent ;  that  was  left  to  private 
enterprise.     Our  exploration  and  reconnaissance,'  up  to   i860  had 

February,  1909 


4  Gen.  Dodge — Engineering  in  Early  Days 

determined  on  the  42nd  parallel  of  latitude,  practically  the  present 
line  of  the  railroad  crossing  the  continent.  The  detailed  surveys  had 
not  been  made,  but  the  buffalo,  the  Indian,  the  fur  trader,  the  tele- 
graph, the  pony  express,  the  stage  line,  and  finally  the  Engineer, 
determined  that  line  and  the  road  when  built  followed  it. 

In  1861  the  Civil  War  came.  I  went  into  the  service  with  six 
hundred  other  civil  engineers  who  were  graduates  of  Norwich  Uni- 
versity, all  of  whom  became  commissioned  officers,  many  of  them 
rising  to  the  highest  rank  and  to  the  highest  command.  Their  work 
as  civil  engineers  during  the  war  was  only  second  to  that  of  their 
military  duties  as  a  soldier,  and  for  this  work  as  civil  engineers  they 
never  have  received  any  credit.  They  were  mostly  enlisted  men, 
detailed  as  engineers ;  they  mapped  out  the  roads  and  the  streams ; 
they  rebuilt  the  railroads  and  they  destroyed  them ;  they  made  many 
of  our  campaigns  possible  by  their  facilities  in  overcoming  obstacles ; 
they  built  temporary  bridges ;  they  showed  great  ingenuity  in 
throwing  up  temporary  entrenchments  even  during  the  battles ;  and 
they  constructed  impregnable  forts ;  they  were  always  brave,  they 
never  flinched  their  duty  and  there  is  no  commander  of  a  division 
or  corps  of  the  army  but  what  appreciated  their  great  and  valuable 
service. 

In  1862  I  was  assigned  to  the  command  of  the  Central  Division  of 
the  Mississippi  ,with  orders  to  reconstruct  the  railroad  reaching  from 
Columbus,  Kentucky,  to  Corinth,  Mississippi,  for  the  purpose  of 
bringing  supplies  to  the  army  then  concentrated  at  Corinth.  This 
line  of  road  crossed  many  deep  bayous  which  had  been  spanned  by 
truss  bridges,  all  of  which  had  been  destroyed  by  the  enemy  as  they 
retreated.  As  I  looked  at  the  job  before  me  and  saw  these  deep 
bayous  with  no  foundations  and  with  no  possible  means  of  putting 
in  proper  abutments,  or  furnishing  proper  superstructure,  it  was  a 
problem  appalling  to  anyone.  I  had  two  Wisconsin  regiments,  one 
was  commanded  by  Colonel  George  E.  Bryant,  who  had  been  a 
Norwich  University  cadet  and  a  civil  engineer.  He  commanded  a 
regiment  that  was  raised  in  the  logging  camps  of  Wisconsin.  As 
soon  as  I  received  this  order,  I  ordered  every  engineer,  civil  or 
mechanical,  or  anyone  who  had  had  experience  in  such  work  in  the 
command  to  report  to  me,  and  I  was  astonished  to  see  the  number 
of  enlisted  men  who  reported.  We  held  a  consultation  as  to  how 
we  should  handle  this  problem,  and  decided  to  put  the  12th  Wis- 
consin into  the  woods  with  their  axes,  as  that  was  about  all  the  tools 
we  had,  and  make  crib  piers  for  these  streams.  It  was  easy  work 
for  us  to  handle  the  culverts  and  it  was  astonishing  how  soon  we 
built  ikis  railroad.  The  log  cribs  were  bolted  together  by  dowel 
pins  made  from  the  iron  rods  of  the  destroyed  Howe  truss  bridges. 
We  made  stringers  thirty  and  forty  feet  long  and  sunk  our  piers 
to  a  foundation  that  would  carry  our  trains.  Within  two  months  we 
had  rebuilt  this  road,  and  had  put  up  at  each  important  bridge  a 
blockhouse,  s«>  a  small  force  could  hold  it  against  almost  any  enemy; 
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in  the  celebrated  raid  of  Forrest  up  through  that  country,  where  he 
destroyed  most  of  the  bridges  south  of  Jackson,  Tennessee,  when  he 
came  to  the  block  houses  in  our  territory,  he  was  repulsed  at  every 
point.  This  drew  the  attention  of  General  Grant  and  he  im- 
mediately ordered  block  houses  built  at  every  bridge  on  the  rail- 
roads within  his  command. 

The  ingenuity  of  these  young  engineers  in  putting  up  the^e 
bridges,  blockhouses  and  stockades ;  in  overcoming  every  difficulty, 
and  the  interest  they  took  in  their  work  soon  convinced  me  that  all 
that  was  needed  in  our  army  for  effective  construction  (or  destruc- 
tion) of  a  railroad  was  proper  organization  of  the  material  in  hand. 
The  mechanics  in  the  command  put  the  locomotives  and  cars  "on 
their  feet"  and  run  them,  so  that  virtually  the  young  engineers  and 
young  mechanics  in  that  command  re-created  the  road. 

This  drew  the  attention  of  General  Grant  and  as  long  as  my  corps 
was  under  his  direction  or  under  that  of  General  Sherman,  when- 
ever there  was  any  destruction  or  reconstruction  or  bridge  work  of 
any  kind  to  be  accomplished,  it  fell  to  us,  until  the  Pioneer  Corps,  of 
the  1 6th  Army  Corps  had  as  good  a  reputation  for  their  mechanical 
work  as  they  had  for  their  fighting  ability. 

In  the  fall  of  1863  when  General  Grant  was  ordered  to  Chat- 
tanooga, my  corps  was  lying  at  Corinth  when  it  received  orders  to 
join  Sherman  in  his  march  to  the  relief  of  Chattanooga.  Having  a 
much  longer  distance  to  march  than  any  of  the  other  commands,  I 
was  not  able  to  reach  Chattanooga  in  time  to  take  part  in  that  battle, 
but  when  I  reached  Pulaski  on  the  Nashville  and  Decatur  Railroad 
I  received  orders  from  General  Grant  to  halt  and  rebuild  that  line 
from  Nashville  to  Decatur ;  the  entire  line  had  been  destroyed. 
There  were  several  truss  bridges  crossing  Duck  river  and  also  some 
very  high  trestles,  some  of  them  being  125  feet  high,  and  there  was 
the  Tennessee  river  that  had  to  be  crossed.  General  Grant  was  very 
anxious  to  have  this  road  built  rapidly  in  order  to  feed  his  army  at 
Chattanooga,  which  was  in  great  distress,  and  Sherman  told  me  the 
quicker  I  built  the  road  the  sooner  I  would  get  something  to  eat  for 
my  command ;  we  were  entirely  away  from  any  base  of  supplies,  liv- 
ing off  the  country,  and  had  been  doing  so  during  our  entire  march. 

The  work  of  the  young  engineers  in  building  this  road  is  a  good 
deal  better  stated  by  General  Grant  than  I  can  tell  you,  and  I  will 
read  what  he  says : 

"I  gave  an  order  to  Sherman  to  halt  General  G.  M.  Dodge's 
"command,  of  about  eight  thousand  men,  at  Athens,  and  sub- 
sequently directed  the  latter  to  arrange  his  troops  along  the 
"railroad  from  Decatur  north  towards  Nashville,  and  to  rebuild 
"that  road.  The  road  from  Nashville  to  Decatur  passes  ove*-  a 
"broken  country,  cut  up  with  innumerable  streams,  many  of 
"them  of  considerable  width,  and  with  valleys  far  below  the 
"road-bed.  All  the  bridges  over  these  had  been  destroyed,  and 
"the  rails  taken  up  and  twisted  by  the  enemy.    All  the  cars  and 
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"locomotives  not  carried  off  had  been  destroyed  as  effectually 
"as  they  knew  how  to  destroy  them.  All  the  bridges  and  cul- 
"verts  had  been  destroyed  between  Nashville  and  Decatur,  and 
"thence  to  Stevenson,  where  the  Memphis  and  Charleston  and 
"the  Nashville  and  Chattanooga  roads  unite.  The  rebuilding  of 
"this  road  would  give  us  two  roads  as  far  as  Stevenson  over 
"which  to  supply  the  army.  From  Bridgeport,  a  short  distance 
"farther  east,  the  river  supplements  the  road. . 

"General  Dodge  was  an  experienced  railroad  builder.  He 
"had  no  tools  to  work  with  except  those  of  the  pioneers — axes, 
"picks  and  spades.  With  these  he  was  able  to  intrench  his  men 
"and  protect  them  against  surprises  by  small  parties  of  the 
"enemy.  As  he  had  no  base  of  supplies  until  the  road  could  be 
"completed  back  to  Nashville,  the  first  matter  to  consider  after 
"protecting  his  men  was  the  getting  in  of  food  and  forage  from 
"the  surrounding  country.  He  had  his  men  and  teams  bring 
"in  all  the  grain  they  could  find,  or  all  they  needed,  and  all  the 
"cattle  for  beef,  and  such  other  food  as  could  be  found.  Millers 
"were  detailed  from  the  ranks  to  run  the  mills  along  the  line  of 
"the  army.  When  these  were  not  near  enough  to  the  troops  for 
"protection  they  were  taken  down  and  moved  up.  In  like  man- 
"ner,  blacksmiths  were  detailed  and  set  to  work  making  the 
"tools  necessary  in  railroad  and  bridge  building.  Axemen  were 
"put  to  work  getting  out  timber  for  bridges  and  cutting  fuel  for 
"locomotive  use  when  the  road  should  be  completed.  Car- 
guilders  were  set  to  work  repairing  the  locomotives  and  cars. 
"Thus  every  branch  of  railroad  building,  making  tools  to  work 
"with,  and  supplying  the  workmen  with  food,  was  all  going  on 
"at  once,  and  without  the  aid  of  a  mechanic  or  laborer  except 
"what  the  command  itself  furnished. 

"General  Dodge  had  the  work  assigned  him  finished  within 
"forty  days  after  receiving  his  orders.  The  number  of  bridges 
"to  rebuild  was  one  hundred  and  eighty-two,  many  of  them  over 
"deep  and  wide  chasms ;  the  length  of  road  repaired  was  one 
"hundred  and  two  miles." 

In  1864,  when  it  came  to  the  Atlanta  campaign,  most  of  the  rail- 
road work,  bridging,  etc.,  was  done  by  organized  railroad  men  under 
General  Wright.  My  command  was  called  upon  only  two  or  three 
times  in  an  emergency. 

I  remember  when  we  had  flanked  the  enemy  out  of  the  Kenesaw 
mountain  line,  onr  extreme  right  rested  on  the  Chattahoochee  river 
some  miles  southwest  of  the  railroad  crossing ;  General  Sherman 
came  to  my  headquarters  and  told  me  he  proposed  to  flank  Atlanta 
by  moving  his  army  by  the  left.  We  all  supposed  he  was  going  by 
the  right.  He  said  to  me  there  was  a  place  called  Roswell  Shoals 
on  the  Chattahoochee  where  he  desired  to  cross  a  portion  of  his 
army.  He  said  the  shoals  were  shallow  and  described  them  to  me, 
asking  me  how  long  it  would  take  for  my  command  to  build  a  bridge 
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over  that  stream.  He  stated  his  engineers  had  told  him  it  was  a  big 
job.  I  looked  the  matter  over  and  told  him  about  a  week.  He 
seemed  astonished  and  left  me,  but  in  a  very  short  time  I  received 
orders  from  my  commander,  General  McPherson,  to  move  with  my 
corps  as  rapidly  as  possible  to  Roswell  some  thirty-one  miles  away, 
and  that  I  would  receive  orders  from  General  Sherman.  We  moved 
and  made  a  march  of  thirty-one  miles  without  stopping  except  for 
resting  our  men,  and  reached  there  Sunday  about  noon. 

When  I  arrived  there  I  found  that  Roswell  contained  several  large 
factories  that  had  been  supplying  material  to  the  enemy  and  I  saw  if 
I  had  the  timber  in  these  factories  I  could  soon  put  up  a  bridge 
across  the  river.  The  enemy  occupied  the  opposite  side,  and  one 
of  the  most  inspiring  sights  I  ever  saw  was  when  I  ordered  the  cele- 
brated Ohio  brigade  to  ford  the  river  and  take  the  opposite  bank. 
They  formed  in  column  with  regiment  front,  the  corps  bands  were 
brought  down  to  the  river,  the  artillery  was  placed  so  as  to  cov^r 
their  crossing,  and  as  the  boys  stepped  into  the  river  carrying  their 
cartridge  boxes  on  their  bayonets  and  with  cheers,  started  to  wade 
across  the  river,  the  bands  played,  the  artillery  opened  fire,  and  the 
enemy  poured  in  their  volleys.  Occasionally  a  boy  or  two  would 
strike  a  hole  and  go  under  but  soon  come  up  and  when  they  got 
across  they  rushed  for  the  cover  of  a  cut  bank,  so  the  enemies'  fire 
would  be  less  effective.  There  they  re-formed,  and  charging,  soon 
cleared  the  works.  My  pioneer  corps  now  was  very  effective.  It 
was  about  1,500  strong  and  was  organized  into  squads  with  a  civil 
or  mechanical  engineer  at  the  head  of  every  squad.  Everyone  knew 
exactly  what  his  duty  was,  just  where  and  how  to  go  to  work,  and 
all  I  had  to  do  was  to  give  the  orders.  I  immediately  gave  the  order 
to  pull  down  the  cotton  factories  that  would  furnish  lumber  and  on 
Monday  morning  you  could  stand  on  the  bank  and  see  that  bridge 
"walk  up,"  so  that  Wednesday  at  noon,  in  three  days,  I  notified 
Sherman  that  it  was  ready  for  crossing.  He  was  astonished  and 
sent  a  proper  tribute  to  the  young  engineers  for  their  quick  work. 
My  official  despatch  to  him  reads  as  follows : 

"A  footbridge  710  feet  long  was  thrown  across  the  river  and 
"from  Monday  noon,  July  10,  until  Wednesday  night,  July  12, 
"a  good  substantial,  double  track,  trestle  road  bridge,  710  feet 
"long  and  14  feet  high,  was  built  by  the  pioneer  corps  from  the 
"command." 

The  cotton  factories  that  I  had  torn  down,  were  claimed  by  a 
Frenchman  to  belong  to  him ;  he  had  a  French  flag  flying  over  his 
own  residence  but  not  over  the  factories.  On  Monday  after  we  had 
torn  down  a  portion  of  one  of  the  factories,  my  Judge  Advocate 
came  to  me  and  told  me  he  thought  I  might  be  getting  into  trouble ; 
that  this  Frenchman  was  entering  a  protest.  I  had  gone  too  far  '.o 
stop  taking  down  the  factories,  Hut  I  thought  it  probably  better  to 
protect  myself,  and  communicated  with  General  Sherman,  who  wrote 
me  a  letter  dated  July  nth,  as  follows: 
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"Headquarters   Military   Division   of   the   Mississippi. 

"In    the    Field    near    Chattahoochee   River,    July    II,    1864. 

"General  Dodge,  Roswell,  Ga.  : 

"I  know  you  have  a  big  job,  but  that  is  nothing  new  for  you. 
"Tell  General  Newton  that  his  corps  is  now  up  near  General 
"Schofield's  crossing,  and  all  is  quiet  thereabout.  He  might 
"send  down  and  move  his  camps  to  proximity  of  his  corps,  but 
"I  think  Roswell  and  Shallow  Ford  so  important  that  I  prefer 
"him  to  be  near  you  until  you  are  well  fortified.  If  he  needs 
"rations  tell  him  to  get  his  wagons  up,  and  I  think  you  will  be 
"able  to  spare  him  day  after  tomorrow.  I  know  the  bridge  at 
"Roswell  is  important,  and  you  may  destroy  all  Georgia  to 
"make  it  good  and  strong. 

W.  T.  Sherman,  Major-General  Commanding." 

You  notice  that  General  Sherman  is  very  diplomatic,  he  says 
nothing  in  relation  to  international  law  or  the  French  flag  but  tells 
me  I  may  destroy  all  Georgia  to  accomplish  what  I  had  to  do.  Of 
course,  I  read  between  the  lines,  and  went  on  building  the  bridge. 

Sherman  commenced  crossing  his  army  over  this  bridge  on  Wed- 
nesday afternoon  and  made  his  celebrated  flank  movement  on 
Atlanta  where  the  great  battles  of  the  19th,  22nd,  and  28th  of  July 
[were  fought  and  Atlanta  finally  occupied. 

Sherman  was  always  profuse  in  his  praise  of  the  young  engineers 
of  the  army  that  were  continually  at  work  gathering  up  information 
for  us.  I  had  a  very  efficient  corps  for  that  work  under  me  and 
Sherman  often  wrote  to  me,  thanking  me  for  what  I  had  been  send- 
ing him,  saying  he  would  store  it  up  for  future  use.  This  informa- 
tion concerning  the  streams,  the  villages  and  roads  was  compiled  at 
his  headquarters,  printed  on  cloth  and  a  copy  sent  to  each  corps  or 
division  commander  and  was  of  great  service  to  us. 

There  was  one  young  man  detailed  to  me,  who  afterwards  became 
a  very  noted  engineer,  Marshall  S.  Hurd  who  enlisted  from  Mus- 
catine, Iowa,  in  the  2nd  Iowa  infantry.  I  soon  discovered  that  he 
was  a  genius  and  of  great  ability  as  an  engineer,  of  excellent  prac- 
tical judgment  and  very  brave.  We  all  tried  to  get  him  promoted 
and  a  commission  given  him  so  he  could  command  officers  and  men, 
but  we  never  could  accomplish  it.  However,  he  virtually  got  to  the 
head  of  the  pioneer  corps  of  the  16th  Army  Corps,  and  the  boys  all 
dubbed  him  "Major;"  and  he  was  known  all  through  the  war  as 
Major  Hurd,  not  only  by  the  men  of  my  corps  but  by  the  others. 
When  he  would  take  his  pioneers  out  to  build  entrenchments,  he 
never  allowed  them  to  run  when  the  skirmish  line  of  the  enemy  made 
an  attack,  which  was  often,  but  they  would  lay  down  their  imple- 
ments where  they  were,  take  their  rifles,  and  fight  it  out  themselves. 
He  was  very  resourceful  in  an  emergency.  After  the  war  he  was 
connected  witli  us  on  the  Union  Pacific  and  was  at  the  head  of  some  of 
the  surveys  both  on  the  Union  Pacific  and  Southern  Pacific  routes, 
fought  battles  with  the  Indians,  and  when  the  Canadian  Pacific  road 
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was  built,  he  was  sent  for  and  went  to  that  work,  running  some  of 
the  important  lines  over  the  mountain  division.  He  was  the  most 
modest,  retiring,  unassuming  man  I  ever  met.  He  now  lies  buried 
in  the  cemetery  at  Denver  with  a  monument  raised  to  his  memory 
and  upon  it  a  proper  tribute  to  his  great  work.  I  mention  him  onlv 
as  one  among  hundreds  of  enlisted  men  who  performed  such  duties. 
In  May,  1866,  I  returned  to  the  Union  Pacific  railway.  Mr.  Dey 
having  resigned  as  chief  engineer,  I  was  appointed  to  that  office. 
General  Sherman  in  giving  me  leave  of  absence  to  go  there  and  take 
up  this  work  says  in  his  letter :  "As  soon  as  General  Pope  reaches 
"Leavenworth  or  St.  Louis  to  relieve  you,  I  consent  for  you  to  go  to 
"Omaha  and  begin  what  I  trust  will  be  the  real  beginning  of  that 
"great  road." 

Almost  the  first  dispatch  when  I  reached  Omaha  was  one  from  the 
commander  at  Ft.  Collins  (he  had  been  under  me  during  my  com- 
mand of  that  country),  telling  me  that  a  young  man  by  the  name  of 
J.  M.  Eddy  had  brought  in  an  engineering  party  which  had  had  a 
fight  with  the  Indians  and  that  the  chief  of  the  party  had  been  killed. 
I  instructed  him  to  have  his  party  meet  me  on  Lodge  Pole  creek,  as 
I  was  just  starting  west  over  the  line.  I  found  that  Eddy  was  a 
young  soldier,  who  had  enlisted  in  the  13th  Illinois  infantry,  and  had 
served  under  me  in  the  war.  In  this  fight,  after  the  chief  had  been 
killed,  he  rallied  the  rest  of  his  party  and  brought  it  in  safety  to  tne 
military  post. 

He  stayed  with  me  during  the  construction  of  the  Union  Pacific 
and  also  the  Southern  Pacific  railroads ;  probably  many  of  you  know 
him,  as  at  one  time  he  was  General  Manager  of  the  Southwestern 
System  ;  he  died  in  the  service.  I  speak  of  him  only  as  an  example 
of  what  the  engineers  during  1866-67-68-69  had  to  face.  The  line 
was  covered  by  engineers  from  the  Missouri  river  to  the  California 
state  line,  and  every  party  was  thoroughly  armed  and  had  escorts, 
but  many  of  our  best  men  were  killed. 

I  remember  in  1867  when  I  was  crossing  the  plains  and  reached 
the  North  Platte  river  near  where  Rawlins  now  stands,  that  Percy 
T.  Brown,  a  very  capable  engineer  in  charge  of  the  division  from  the 
Platte  to  the  Green  river,  in  reconnoitering  that  country,- discovered 
that  the  divide  of  the  continent,  where  we  were  crossing,  was  a  basin 
of  about  100  miles  north  and  south,  and  80  miles  east  and  west.  His 
party  got  into  it  but  could  find  no  streams  leading  out  of  it  to  the 
west.  He  took  eight  men  for  his  escort  to  make  an  exploration 
through  that  basin.  Near  its  south  rim  he  encountered  300  Sioux 
Indians  who  were  on  the  war  path.  He  immediately  took  possession 
nearly  dark,  fought  off  those  Indians.  Just  before  dark,  a  fatal  shot 
from  an  Indian  hit  Brown  in  the  abdomen.  He  begged  the  men  to 
of  an  elevation  in  the  basin  and  there  from  twelve  o'clock  noon  until 
leave  him  and  save  themselves,  but  the  soldiers  refused  to  do  so. 
They  turned  loose  their  horses,  and  as  soon  as  the  Indians  obtained 
them,  they  went  away.     These  soldiers  then  made  a  litter  of  their 
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carbines  and  through  the  tall  sage  brush  for  thirteen  miles  that  night 
carried  Brown  to  Laclede  stage  station  thinking  to  save  him,  but  he 
died  soon  after  reaching  the  station. 

One  of  the  great  problems  that  confronted  our  early  surveys  was 
the  crossing  of  the  Black  Hills,  a  spur  of  the  Rocky  Mountains. 
There  was  no  trouble  after  reaching  the  summit  of  the  Range,  in  de- 
scending the  west  slope  into  the  Laramie  plains,  but  the  country  on 
the  east  dropped  off  rapidly,  and  there  was  no  stream  or  divide  that 
we  could  find  that  was  practicable  for  a  116  foot  grade  though  the 
engineers  had  examined  nearly  every  stream  and  every  divide.  The 
divides  from  the  summit  down,  for  a  long  distance  were  favorable, 
but  just  as  we  came  to  the  division  of  the  granitic  and  sedimentary 
formations,  there  would  be  a  drop  of  five  hundred  feet  in  one  thou- 
sand and  we  could  not  find  supporting  ground  to  hold  our  grade,  to 
overcome  this  great  fall. 

In  1865  as  I  was  returning  from  the  Yellowstone  country,  after 
finishing  the  Indian  campaigns,  I  took  my  command  along  the  east 
base  of  the  Black  Hills  following  up  the  Chug  Water  and  so  on 
south,  leaving  my  train  every  day  and  going  on  to  the  summit  of  the 
Black  Hills  with  a  view  of  trying  to  discover  some  approach  from 
the  east  that  was  feasible.  When  we  got  down  to  the  crossing  of  the 
"Lodge  Pole,"  I  knew  that  Indians  were  following  us,  but  I  left  the 
command  with  a  few  cavalrymen  and  guides  with  a  view  of  follow- 
ing the  country  from  the  Cheyenne  Pass  south,  also  leaving  strict 
orders  with  the  command  that  if  they  saw  smoke  signals  they  were  to 
come  to  us  immediately.  We  worked  south  from  the  Cheyenne  Pass 
and  around  the  head  of  Crow  Creek  when  I  looked  down  into  the 
valley  and  saw  there  was  a  band  of  Indians  who  had  worked  them- 
selves in  between  our  party  and  the  trains.  I  knew  it  meant  trouble 
for  us,  they  were  either  after  us  or  our  stock.  I  therefore  immedi- 
ately dismounted,  and  giving  our  horses  to  a  couple  of  men  with 
instructions  to  keep  on  the  west  side,  of  the  ridge  out  of  sight  and 
gunshot,  if  possible,  took  the  ridge  between  Lodge  Pole,  Crow  Creek 
and  Lone  Tree  Creek  keeping  upon  it  and  holding  the  Indians  away 
from  us ;  our  fire  arms  were  so  far  reaching  that  when  they  came  too 
near  to  us  -they  were  in  danger  as  our  best  shots  showed  them. 

We  made  signals  for  our  cavalry  but  they  did  not  seem  to  see 
them.  It  was  getting  along  in  the  afternoon  as  we  worked  down 
this  ridge,  and  I  began  to  discover  we  were  on  an  apparently  verv 
fine  approach  to  the  Black  Hills,  and  one  of  the  guides  has  stated 
that  T  said :  "If  we  save  our  scalps  I  believed  we  had  found  a  rail- 
road \im  over  the  mountains."  About  four  o'clock,  when  the  Indi- 
ans were  preparing  to  take  the  ridge  at  our  front,  the  cavalry  saw 
our  signals  and  soon  came  to  our  rescue,  and  when  we  reached  the 
valley  I  was  satisfied  that  the  ridge  we  had  followed  was  one  which 
we  could  climb  with  a  maximum  grade  within  our  charter  limits  and 
with  comparatively  light  work. 

As  soon  as  I  took  charge  of  the  Union  Pacific  I  immediately  wired 
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to  Mr.  James  A.  Evans,  who  had  charge  of  that  division,  and  who 
had  been  working  on  this  mountain  range  for  nearly  a  year,  describ- 
ing this  ridge  to  him  as  I  had  thoroughly  marked  it  by  a  lone  tree  on 
Lone  Tree  Creek  and  by  a  very  steep  cut  Butte  on  Crow  Creek,  and 
a  deep  depression  in  the  ridge  where  the  granitic  and  sedimentary 
formations  joined.  He  immediately  made  an  examination  and  dis- 
covered a  remarkably  direct  line,  with  only  a  ninety  foot  grade, 
reaching  from  the  summit  to  the  valley  of  Crow  Creek  near  where 
Cheyenne  now  stands,  and  this  summit  I  immediately  named  for  my 
old  commander,  General  Sherman.  The  Union  Pacific  railroad  is 
now  constructed  over  this  line  and  it  is  one  of  the  two  eighty  foot 
grades  now  left  on  the  Union  Pacific  that  they  were  unable  to  reduce 
during  the  re-construction  of  the  road. 

The  success  of  the  engineers  in  the  surveying  and  constructing 
of  this  road  was  due  mostly  to  their  natural  courage  and  ability.  One 
of  the  instructions  given  a  party  when  put  into  the  field  was,  that 
the  chief  of  the  party  must  absolutely  command  it,  and  at  all  times 
to  be  ready  to  fight.  Another  was,  the  importance  of  never  slacking 
their  vigilance  no  matter  where  they  were,  and  never  being  off  their 
guard.  All  those  who  obeyed  these  orders,  generally  took  their  parties 
through,  but  those  who  did  not,  were  soon  relieved  in  the  field  or 
were  killed  by  an  attack  of  Indians.  Then,  again,  these  engineers 
were  all  men  of  ability,  every  one  of  them,  as  far  as  I  know  has  risen 
to  distinction  either  in  his  own  profession  or  in  some  line  of  business. 
I  know  of  only  two  of  the  chiefs  of  parties  who  are  still  living.  One 
is  a  bachelor  in  Boston  who  occasionally  goes  out  on  to  the  plains  and 
gathers  together  some  of  his  old  party,  giving  them  a  taste  of  their  old 
experience  by  putting  them  back  into  camp  again  with  a  camp  dinner, 
and  ending  with  a  great  banquet  at  some  prominent  hotel.  He  is  the 
engineer  who  first  undertook  to  locate  the  line  across  Salt  Lake  where 
the  road  is  now  built.  When  I  sent  him  out  I  gave  him  Captain 
Stanbury's  soundings.  The  Mormons  built  him  a  boat,  he  put  his 
party  into  it  and  while  he  was  making  the  soundings  of  the  lake,  a 
terrific  gale  came  up  that  swamped  his  boat  and  came  very  near 
drowning  him  and  his  party,  and  he  reported  to  me  that  the  lake  was 
fourteen  feet  higher  than  when  Stanbury  sounded  it  in  1849,  an^  ft  ls 
a  singular  fact  that  it  was  then  at  its  highest  known  level,  for  from 
1870  until  1900  it  continually  fell.  When  the  Union  Pacific  built  the 
line  across  the  lake  it  was  eleven  feet  lower  than  when  the  original 
survev  was  made.  The  depth  of  the  lake,  the  weight  of  the  water, 
and  the  cost  of  building  was  beyond  us  and  we  were  forced  north 
of  the  lake  and  had  to  put  in  the  high  grades  crossing  Promontory 
Ridge. 

The  organization  for  the  construction  of  the  Union  Pacific  railroad 
was  purely  upon  a  military  basis,  nearly  every  man  working  upon  it 
had  been  in  the  Civil  War;  the  heads  of  most  of  the  engineering 
parties  and  all  of  the  construction  forces  were  officers  in  the  Civil 
War ;  the  chief  of  the  track  laying  force,  General  Casement,  had  been 
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a  division  commander  in  the  Civil  War,  and  at  any  moment  I  could 
call  into  the  field  a  thousand  men  well  officered,  ready  to  meet  any 
crisis  or  any  emergency.  There  was  no  law  in  the  country,  and  no 
court.  We  laid  out  the  towns,  officered  them,  kept  peace  and  every- 
thing went  on  smoothly  and  in  harmony.  Two  or  three  times  at  the 
end  of  our  tracks  a  rough  crowd  would  gather  and  dispute  our  au- 
thority, but  they  were  soon  disposed  of. 

I  remember  one  incident  when  I  was  west  near  Salt  Lake,  of  re- 
ceiving a  dispatch  that  a  crowd  of  gamblers  had  taken  our  terminal 
point  at  Julesburg  and  refused  to  obey  the  local  officers  we  had  ap- 
pointed over  it.  I  wired  General  Casement  to  take  back  his  track 
force,  clean  the  place  up  and  sustain  the  officers.  When  I  returned 
to  Julesburg  I  asked  Casement  what  he  had  done.  He  replied :  "I 
will  show  you."  He  took  me  up  to  a  little  rise  just  beyond  Julesburg 
and  showed  me  a  small  graveyard,  saying,  "General,  they  all  died  in 
their  boots  but  brought  peace." 

The  work  of  the  engineers  on  the  Union  Pacific  was  a  very  master- 
ful one.  In  the  beginning  they  had  no  reliable  maps  or  any  knowl- 
edge of  the  country,  and  they  explored  it  until  they  obtained  a  line 
across  the  country  over  which  one  locomotive,  then  as  well  as  now, 
could  haul  as  many  cars  over  the  line  as  two  engines  in  any  other  of 
the  transcontinental  lines.  They  worked  summer  and  winter,  rain  or 
shine.  My  yearly  report  upon  the  completion  of  the  road  describes 
better  perhaps  than  I  can  now,  what  they  accomplished  and  is  as 
follows : 

"They  occupied  the  country  extending  from  the  Missouri  river 
"to  the  California  state  line,  and  covering  a  width  of  200  miles, 
"north  and  south,  and  on  the  general  direction  of  the  forty-sec- 
"ond  parallel  of  latitude ;  some  fifteen  thousand  miles  of  instru- 
mental lines  have  been  run,  and  over  twenty-five  thousand 
"miles  of  reconnoissance  made. 

"In  1863  and  1864  preliminary  surveys  were  inauguarated, 
"but  in  1866  the  country  was  systematically  occupied ;  and  day 
"and  night,  summer  and  winter,  the  explorations  were  pushed 
"forward  through  dangers  and  hardships  that  very  few  at  this 
"day  appreciate,  as  every  mile  had  to  be  run  within  range  of  the 
"musket,  as  there  was  not  a  moment's  security.  In  making  sur- 
"veys,  numbers  of  our  men,  some  of  them  the  ablest  and  most 
"promising,  were  killed;  and  during  the  construction  our  stock 
"was  run  off  by  the  hundred,  I  might  say  by  the  thousand ;  and  as 
"one  difficulty  after  another  arose  and  was  overcome,  both  in  the 
"engineering,  running  and  construction  departments,  a  new  era 
"in  railroad  building  was  inauguarated. 

"Each  day  taught  us  lessons  by  which  we  profited  for  the 
"next,  and  our  advances  and  improvements  in  the  art  of  railway 
"construction  were  marked  by  the  progress  of  the  work,  40  miles 
"of  track  having  been  laid  in  1865,  260  in  1866,  240  in  1867, 
"including  the  ascent  to  the  summit  of  the  Rocky  Mountains,  at 
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"an  elevation  of  8,235  feet  above  the  ocean;  and  during  1868 
"and  to  May  10,  1869,  555  miles,  all  exclusive  of  side  and  tem- 
porary tracks,  of  which  over  180  miles  were  built  in  addition." 

At  Promontory  Point,  north  of  Salt  Lake,  Utah,  on  May  10,  1869, 
gathered  there  from  the  Atlantic  and  the  Pacific  the  men  who  made 
possible  this  great  work,  who  threw  their  fortunes,  their  credit  and 
their  reputation  into  it.  They  were  the  few  bold  spirits  who  backed 
the  enterprise  with  their  fortunes  and  their  credit.  They  spent  many 
millions  to  meet  the  clamor  and  demand  of  our  whole  nation  for  speed, 
and  constructed  a  railroad  2,000  miles  long  in  three  years,  when  their 
own  interests,  their  charter  and  the  government  allowed  them  ten 
years  to  complete  the  work.  So  far  as  it  was  possible  for  man  to  see, 
as  a  commercial  problem,  it  had  few,  if  any,  advocates.  It  was  sim- 
ply considered  a  military  necessity.  Some  day  these  men  will  stand  in 
civil  life  like  our  leaderse  in  the  Civil  War.  The  engineers  and  the 
workmen  stood  in  groups  watching  the  preparations  for  the  driving 
of  the  golden  spike  which  should  tie  together  with  iron  bands  this 
continent.  The  locomotives  from  the  east  and  from  the  west  were 
run  together  and  each  engineer  broke  a  bottle  of  champagne  on  their 
comrades  machine,  and  a  great  glorification  of  the  event  was  cele- 
brated all  over  the  country.  On  that  day,  General  Sherman,  not  for- 
getting the  engineers  and  pioneers  of  this  work,  sent  me  this  dispatch : 

"Washington,  May  11,  1869. 
"General  G.  M.  Dodge: 

"In  common  with  millions,  I  sat  yesterday  and  heard  the  mystic 
"taps  of  the  telegraphic  battery  announce  the  nailing  of  the  last 
"spike  in  the  great  Pacific  road.  Indeed,  am  I  its  friend  ?  Yea. 
"Yet,  am  I  to  be  a  part  of  it,  for  as  early  as  1854  I  was  Vice- 
"President  of  the  effort  begun  in  San  Francisco  under  the  con- 
tract of  Robinson,  Seymour  &  Company.  As  soon  as  General 
"Thomas  makes  certain  preliminary  inspections  in  his  new  com- 
"mand  on  the  Pacific,  I  will  go  out  and,  I  need  not  say,  will  have 
"different  facilities  from  that  of  1846,  when  the  only  way  to 
"California  was  by  sail  around  Cape  Horn,  taking  our  ships  196 
"days.  All  honor  to  you,  to  Durant,  to  Jack  and  Dan  Casement, 
"to  Reed  and  the  thousands  of  brave  fellows  who  have  wrought 
"out  this  glorious  problem,  spite  of  changes,  storms,  and  even 
"doubts  of  the  incredulous,  and  all  the  obstacles  you  have  now 
"happily  surmounted. 

"W.  T.  Sherman,  Gen." 

How  well  all  did  their  work  I  leave  to  the  distinguished  commis- 
sion of  engineers  appointed  by  Act  of  Congress  to  examine,  review 
and  report  upon  the  completion  of  the  Union  Pacific  railroad,  which 
is  as  follows : 

"Taken  as  a  whole,  the  Union  Pacific  railroad  has  been  well 
"constructed.  The  general  route  for  the  line  is  exceedingly  well 
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"chosen,  crossing  the  Rocky  Mountain  ranges  at  some  of  the 
"most  favorable  passes  on  the  continent,  and  possessing  capabili- 
ties for  easy  grades  and  favorable  ailgnments  unsurpassed  by 
"any  other  railway  line  on  similarly  elevated  grounds.  The 
"energy  and  preseverance  with  which  the  work  has  been  urged 
"forward,  and  the  rapidity  with  which  it  has  been  executed  are 
"without  parallel  in  history.  In  the  grandeur  and  magnitude  of 
"the  undertaking,  it  has  never  been  equaled,  and  no  other  line 
"compares  with  this  in  the  arid  and  barren  character  of  the 
"country  it  traverses,  giving  rise  to  unusual  inconveniences  and 
"difficulties,  and  imposing  the  necessity  of  obtaining  almost  every 
"requisite  of  material,  of  labor,  and  supplies  for  its  construction, 
"from  the  extreme  initial  point  of  its  commencement. 

"G.  K.  Warren,  Brevet  Major-General,  U.  S.  A., 
"J.  Blickensderfer,  Jrv  Civil  Engineer, 
"James  Barnes,  Civil  Engineer, 

"Special  Commissioners,  Union  Pacific,  R.  R." 

In  the  last  five  years  the  Union  Pacific  and  the  Southern  Pacific 
have  been  virtually  reconstructed  under  the  able  management  of 
Mr.  Harriman.  The  Union  Pacific  in  bringing  its  grades  to  a  max- 
imum of  forty-seven  feet  per  mile  excepting  the  eighty-foot  grade 
rising  the  mountains  from  the  east,  at  Cheyenne  and  the  eighty  foot 
grade  rising  the  Washatch  range  west,  from  the  town  Echo,  and  in 
shortening  the  line  some  thirty  miles,  has  spent  almost,  if  not  fully  as 
much  money  as  it  took  to  construct  the  road,  and  the  distinguished 
engineer  who  had  charge  of  that  work  is  now  the  chief  engineer  of  the 
Rock  Island  system  and  he  pays  this  tribute  to  the  engineers  and 
builders  of  the  original  line: 

"It  may  appear  to  those  unfamiliar  with  the  character  of  the 
"country  that  the  great  saving  in  distance  and  reduction  of  grade 
"would  stand  as  a  criticism  of  the  work  of  the  pioneer  engineers 
"who  made  the  original  location  of  the  road.  Such  is  not  the 
"case.  The  changes  made  have  been  expensive  and  could  be  war- 
ranted only  by  the  volume  of  traffic  handled  at  the  present  day. 
"Too  much  credit  cannot  be  given  Gen.  G.  M.  Dodge  and  his 
"assistants.  They  studied  their  task  thoroughly  and  performed 
"it  well.  Limited  by  law  to  a  maximum  gradient  of  116  feet  to 
"the  mile,  not  compensated  for  curvature,  they  held  it  down  to 
"about  90  feet  per  mile.  Taking  into  consideration  the  existing 
"conditions  thirty-five  years  ago ;  lack  of  maps  of  the  country, 
"hostility  of  the  Indians,  which  made  United  States  troops  nec- 
"e=sary  for  protection  of  surveying  parties,  difficult  transporta- 
tion, excessive  cost  of  labor,  uncertainty  as  to  probable  volume 
"of  traffic,  limited  amount  of  money  and  the  necessity  to  get  the 
"road  built  as  soon  as  possible,  it  can  be  said,  with  all  our  pres- 
"ent  knowledge  of  the  topography  of  the  country,  that  the  line 
"was  located  with  very  great  skill." 
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Since  the  public  statements  of  Mr.  Harriman  and  this  tribute  by 
Mr.  Berry  we  have  heard  no  "more  talk  of  the  unnecessary  miles  of 
road  that  were  built  for  the  purpose  of  obtaining  the  government 
subsidy. 

Upon  completion  of  the  Union  Pacific  railroad  I  was  called  upon 
by  the  Pennsylvania  railroad  interests,  to  organize  the  construction 
company  and  build  the  Texas  Pacific  railroad  from  New  Orleans  to 
San  Diego,  California,  and  in  1870  we  marshalled  *our  forces  and 
covered  the  line  with  engineers  from  Marshall,  Texas,  to  California. 
We  were  in  the  same  condition  in  this  work  that  we  were  on  the 
Union  Pacific ;  without  any  railroad  connection,  depending  upon  the 
Red  river  for  our  supplies  and  materials,  and  of  course  that  river 
went  dry,  but,  nevertheless,  the  engineers  pushed  on  into  the  country 
where  they  had  the  Indians,  among  many  other  difficulties  to  con- 
tend with.  I  put  Hurd's  party  into  the  most  difficult  Indian  country. 
He  had  not  been  there  long  before  I  received  a  letter  from  the  gov- 
ernor of  the  state  telling  me  that  Hurd  had  attacked  and  killed  some 
of  the  friendly  bands  of  Indians  out  at  what  was  known  as  Sulphur 
Springs  at  the  foot  of  the  Staked  Plains.  Hurd  was  too  far  away 
for  me  to  communicate  with  him,  but  I  sent  him  the  governor's  letter. 
He  was  a  man  of  few  words ;  his  work  always  told  for  itself  in  his 
maps  and  profiles,  and  he  answered  the  governor's  letter  in  a  very 
short  response  which  he  sent  me  to  approve  and  forward.  In  it  he 
stated  that  the  Sulphur  Springs  was  the  only  water  within  fifty  miles 
of  him,  when  he  reached  there  it  was  held  by  the  Indians  and  they 
refused  to  let  him  have  any  water  or  allow  him  to  approach  the 
springs.     They  would  not  even  sell  it  to  him,  and  he  said : 

"Of  course,  I  took  the  springs.    I  don't  know  whether  I  hurt 

,        "any  Indians  or  not,  and  I  do  not  care,  but  I  knew  better  than  to 

"go  back  to  General  Dodge  and  tell  him  that  I  had  been  forced 

"to  abandon  my  survey  by  two  or  three  hundred  bare-backed 

"Indians  without  fighting  them." 

That  was  the  last  heard  of  that  complaint. 

On  the  line  through  Arizona  we  had  a  very  noted  engineer,  Capt. 
R.  W.  Petriken.  He  was  graduate  of  West  Point  and  had  been  in 
the  engineering  corps  during  the  war.  He  resigned  and  took  service 
with  the  railroads,  intending  to  follow  railroading  as  a  business,  be- 
lieving there  was  greater  possibility  in  it  for  him  than  in  the  army, 
but  he  was  killed  after  a  long  fight  with  a  band  of  Mexican  Indians. 

In  building  the  Texas  Pacific  road  we  went  through  an  epidemic  of 
cholera* and  one  of  yellow  fever  and  were  subject  at  every  town  and 
every  county  line  to  shotgun  quarantines,  and  notwithstanding  that 
most  of  the  engineers  were  from  the  north,  they  all  stayed  on  the 
work. 

I  remember  in  1873  when  we  were  rushing  to  close  the  tracks  in 
Texas,  coming  from  the  east  and  west  to  save  our  land  grant,  the 
epidemic  of  yellow  fever  was  upon  us  and  every  morning  those  of  us 
who  were  at  the  end  of  the  track  could  see  numerous  corpses  taken 
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out  of  the  working  gangs  and  buried  in  the  dump ;  it  took  a  brave, 
determined  man  of  great  moral  courage,  who  was  was  under  no  ob- 
ligations except  that  of  duty,  to  stay  and  fight  it  out. 

I  remember  one  young  engineer  who  was  setting  grade  and  cen- 
ters for  the  track  layers.  He  lived  in  the  cars  that  housed  the  con- 
victs that  were  laying  the  track,  who,  no  matter  how  much  they 
wanted  to  leave,  could  not ;  he  went  out  on  his  work  promptly  every 
morning  and  could  see  in  the  number  of  convicts  taken  out  and 
buried,  the  progress  of  the  fever,  and  that  it  was  only  a  question 
of  time  when  it  would  have  him  in  its  grip.  I  thought  it  possible 
he  might  leave  us,  so  one  morning  I  walked  out  and  spoke  to  him, 
asking  him  how  he  and  his  men  were  feeling.  He  said  very  quietly 
that  they  had  considered  the  situation  and  they  proposed  to  stay  on 
the  job  until  we  connected  the  track,  but  he  stated:  ''Then  I  shall 
start  on  the  first  train  for  God's  country  and  never  shall  come  back 
to  this."  I  thanked  him  for  his  determination  to  stay  and  he  stated 
he  had  been  employed  on  the  job  for  the  season  and  he  did  not  pro- 
pose to  run  because  some  others  had ;  he  was  a  specimen  of  the  en- 
engineers  who  went  south  with  us.  A  great  many  of  them  had  the 
yellow  fever,  some  of  them  died,  but  they  all  showed  an  esprit  de 
corp  and  an  interest  in  the  enterprise  that  would  be  a  good  object 
lesson  to  many  who  are  on  similar  work  today. 

As  soon  as  the  tracks  were  joined,  I  gave  all  the  engineers  who 
had  come  from  the  north  a  leave  of  absence,  but  very  few  of  them 
took  advantage  of  it.  , 

During  the  years  from  1870  to  1874  the  line  was  determined  and 
located  through  to  California.  Work  was  commenced  at  San  Diego 
and  some  500  miles  were  built  during  that  time  in  Texas,  but  the 
Jay  Cook  failure  stopped  us  and  it  was  not  completed  through  to 
California  until  1883  and  today  three  of  the  great  railroads  of  the 
country  occupy  the  line  that  was  intended  at  that  time  for  only  one. 
They  are  the  "Texas  Pacific,"  the  "Southern  Pacific"  and  "Santa 
Fe."  It  is  a  singular  fact  that  the  same  engineers  and  the  same 
foremen  who  had  joined  the  tracks  at  Promontory  Point  in  1869 
met  on  the  plains  at  Seirra  P>lanco,  Texas  in  1883,  and  joined  there 
the  tracks  that  united  the  second  continental  line  across  the  country, 
but  under  entirely  different  circumstances.  There  were  no  bands, 
no  crowds,  no  speeches,  and  no  champagne.  It  was  simply  the  engi- 
neers and  foremen  of  the  track  laying  forces  that  shook  hands  at  this 
great  event  and  it  created  very  little  notice  or  comment. 

There  has  been  a  general  belief  throughout  the  country  that  it  was 
a  very  easy  problem  to  build  a  railroad,  and  that  the  railroads  were 
over-capitalized,  which  recent  investigation  has  demonstrated  to  be 
untrue.  In  my  travels  I  have  seen  men  riding  in  a  Pullman  car  that 
carried  a  valet,  a  maid,  a  porter,  and  a  conductor,  which  these  people 
generally  kept  bus)  all  the  time,  look  out  of  the  window  and  ex- 
press the  opinion. that  it  was  easy  work  or  virtually  no  work  to 
build  a  railroad  through  the  country  they  were  passing,  and  make 
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comments  on  what  it  represented  and  what  it  should  cost,  and  I 
often  used  to  think  as  I  listened  to  them  that  they  should  have  had 
the  experience  of  the  builders ;  first  as  chief  of  a  party  to  spy  out 
a  line,  perhaps  alone  in  an  Indian  country ;  then  followed  by  the 
young  engineer,  carrying  a  rifle  on  one  shoulder  and  a  transit  on 
the  other,  camping  where  his  day's  work  ended ;  then  the  bold  spirits 
who  furnished  the  money  to  first  construct  the  road,  that  would  have 
probably  to  be  carried  ten  or  twenty  years  before  it  brought  any  in- 
come, and  then  the  operating  department  who  had  to  reconstruct  it 
two  or  three  times  and  put  millions  upon  millions  into  it  to  bring 
its  commercial  business  and  the  luxury  of  its  transportation  up  to 
our  date ;  then  he  would  take  an  entirely  different  view  of  the  en- 
terprise. , 

I  thank  God  for  the  criticisms  of  the  past  two  years  have  finally 
aroused  the  railroad  world  to  educate  the  people  •  and  demonstrate 
to  them  what  the  transportation  of  this  country  has  cost  in  lives,  labor 
and  money,  and  what  benefits  it  has  brought  to  the  nation. 
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THE  RAILROAD  SITUATION  OF  TODAY 

Frank  Trumbull,  C.  &  S.  R'y  Co. 

Presented,  January  5,  1909. 

Mr.  President  and  Gentlemen  of  the  Society : 

I  shall  not  attempt  to  deal  with  any  technical  phase  of  the  rail- 
road industry,  and  in  saying  this  I  am  emboldened  by  a  declaration 
which  I  find  in  the  Constitution  of  your  Society ;  to-wit : 

"This  Society  shall  neither  endorse  nor  recommend  any  in- 
dividual or  any  scientific  or  engineering  production,  but  the 
"opinion  of  the  Society  may  be  expressed  on  such  subjects  as 
"affect  public  welfare." 
The  American   railroad  administration  of  today   has  abundantly 
demonstrated  its  ability  to    solve  all    engineering    and    mechanical 
problems,  and  we  may  rely  upon  it  that  the  same  American  enter- 
prise and  valor  which  have  gridironed  the  continent  with  shining 
bands  of  steel,  will  solve  any  technnical  problem  that  may  be  ahead 
of  us  for  which  money  may  be  had. 

I  therefore  proceed  at  once  to  engage  your  thought  for  a  few 
minutes,  if  I  may,  upon  what  seems  to  me  to  be  the  great  problem 
of  the  American  railroad  situation  of  today ;  that  is,  how  to  satis- 
factorily settle  the  relations  between  private  capital  and  the  users  of 
the  railroads. 

FOUR  YEARS'   RETROSPECT. 

During  the  last  four  years  the  American  railroad  has  been  in  a 
seething  cauldron  of  publicity ;  a  good  deal  of  refuse  has  risen  to 
the  surface  and  has  needed  to  be  skimmed  off, — but  I  think  I  do  not 
violate  any  confidence  in  saying  that  not  all  of  it  has  come  from 
the  body  of  the  railroad.  Part  of  it  seems  to  consist  of  political 
bacteria  and  defunct  statutes  which  attempted  to  violate  the  voice 
of  the  people, — the  Constitution  which  legislators  had  sworn  to  sup- 
port. And  in  this  connection,  perhaps  I  ought,  in  passing,  to  say 
a  word  which  has  rarely  been  spoken  in  defense  of  the  railroads,  by 
pointing  out  the  shame  of  putting  them  to  the  great  cost  of  proving 
in  the  courts  the  unconstitutionality  of  statutes  which  ought  never 
to  have  been  enacted  because  they  were  never  valid.  In  the  last  four 
years  there  has  been  much  noise ;  the  air  has  been  filled  with  shouts 
and  cries,  and  more  or  less  dust.  Hysteria  and  virtue,  although 
really  not  at  all  alike,  became  confused,  and  a  very  large  percentage 
of  the  public  absorbed  the  idea  that  the  railroad  highways  are  public 
property,  forgetting  that  all  of  us  are  absolutely  dependent  upon 
private  capital  for  the  American  railroad  of  today.  Again,  we  seem 
to  have  been  upon  a  storm-tossed  ocean.  Fortunate  are  we  that 
through  it  all  has  run  the  Gulf  Stream  of  our  wonderful  American 
resources.     If  it  were  not  for  that,  we  should  all  have  been  ruined. 
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We  have  survived,  but  the  pity  of  it  is  to  think  how  much  better  off 
we  might  be,  if  "We,  the  People  of  the  United  States,"  would,  in 
financial  legislation,  railroad  regulation  and  other  matters,  only  ex- 
ercise our  wisdom  as  much  as  we  do  our  power.  Legislation  has 
been  restrictive,  not  constructive.  There  is  very  little  in  it,  thus  far, 
to  help  the  railroad.  Nearly  everything  seems  to  have  been  thought 
of,  except  provision  for  money  or  for  improving  credit  so  as  to 
command  cheap  money.  The  country  has  been  flooded  with  con- 
flicting laws  and  still  the  cry  goes  up  for  more  bureaucratic  power 
and  more  statutes.  It  reminds  me  of  an  immigration  meeting  in 
Mississippi : 

The  court-house  was  filled  with  an  assemblage  of  white  people, 
and  when  the  meeting  adjourned  an  old  darkey  asked  one  of  the 
gentlemen  who  came  out  of  the  court-house  what  the  meeting  was 
for;  The  reply  was  that  it  was  an  immigration  meeting.  "What  is 
dat?"  asked  the  darkey,  to  which  the  gentleman  responded,  "We 
want  to  get  more  white  people  from  the  north  and  east  to  settle 
here."  Whereupon  the  darkey  said,  "Foh  de  Lawd's  sake,  Majah, 
dars  moh  white  people  in  dis  county  now  dan  us  niggahs  can 
support  I" 

I  admit  there  have  been  many  evils  in  railroad  administration,  but 
I  modestly  affirm  that  there  have  been  no  more  than  in  other  lines 
of  business.  The  railroad  industry  of  this  country  is  young  and  it 
acquired  some  children's  diseases.  Many  people  think  the  railroads 
would-  have  recovered  from  measles,  mumps  and  whooping  cough 
without  prescriptions  from  forty-seven  varieties  of  doctors — forty- 
six  states  plus  the  Federal  government.  It  has  seemed  many  times 
that  the  railroad  patient  has  been  like  the  man  who  fell  ill  in  some 
mysterious  way.  The  consulting  surgeons  determined  that  an  opera- 
tion was  necessary.  They  could  not  locate  any  definite  malady,  but 
they  found  five  hundred  dollars  on  him  so  they  operated  on  him  for 
that!  Of  one  thing,  however,  we  may  be  absolutely  sure — that  is 
that  the  law  of  compensation  is  always  at  work.  If  we  have  an 
excess  of  regulation,  there  is  less  of  something  else.  It  is  entirely 
probable  that  if  there  had  been  no  political  regulation  of  railroads, 
the  people  of  this  country  would  have  more  roads,  far  better  and 
safer  roads,  and  a  greater  distribution  of  wealth  than  they  have 
today.  But  I  must  not  forget  that,  according  to  the  subject  assigned 
me,  we  are  here  not  to  look  backward,  but  to  look  at  the  present, 
and  then  perhaps  take  a  little  look  forward. 


SOME   CONTRADICTIONS. 

From  a  mechanical  and  traffic  standpoint  the  American  railroad 
of  today  is  one  of  the  wonders  of  the  age.  I  give  one  illustration 
only:  Compare  its  splendid  performance  with  a  report  I  have  here 
of  the  Northeastern  Railway  of  England,  which  has  a  large  mineral 
traffic.     This  report  shows  average  contents  of  loaded  freight  cars 
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to  be  5.72  tons,  and  average  contents  of  freight  trains  to  be  114.7 
tons ! 

On  the  other  hand,  the  American  railroad  situation  in  its  political 
and  governmental  relations  is  a  bundle  of  contradictions.  If  you 
were  to  engage  your  money  in  merchandising  or  manufacturing,  you 
would  no  doubt  be  appalled  if  you  should  discover  that  some  one  en- 
tirely outside  of  your  line  of  business  could  fix  the  prices  at  which 
you  must  sell  your  product,  and  that  the  burden  of  proof  that  the 
prices  so  fixed  are  confiscatory,  is  upon  you, — and  that  you  could 
not  abandon  your  operations.  Yet  this  is  precisely  what  may  happen 
if  you  invest  your  money  in  a  railroad.  The  contradiction  is  that 
there  are  no  reciprocal  assurances  in  your  behalf.  Neither  the  State 
nor  the  Federal  government  will  give  you  any  financial  aid,  nor  will 
they  guarantee  you  anything,  nor  will  they  even  protect  you  against 
competition,  as  France  has  long  since  been  wise  enough  to  do. 

A  second  contradiction  is  that  although  there  was  a  four  years' 
war  to  prevent  a  division  of  this  country,  and  although  thereafter 
our  American  genius  connected  up  remote  sections  of  our  common 
country,  and  although  the  work  of  the  railroads  has  been  splendidly 
national,  the  attempt  to  regulate  them  has  been  lamentably  local  and 
Lilliputian.  I  need  only  cite  the  conflicts  between  the  enactments 
and  rate-making  of  different  states  and  those  of  the  Federal  govern- 
ment. We  hear  more  or  less  these  days  about  the  "twilight  zone" 
between  the  states  on  the  one  hand  and  the  Federal  government  on 
the  other ;  but  for  those  who  administer  the  affairs  of  a  great  rail- 
road system,  the  phrase  "twilight  zone"  is  too  polite  a  term.  It  is 
instead  a  jungle  in  which  the  wayfaring  railroad  man  may  easily 
lose  his  way,  and  possibly  be  actually  devoured  by  "laws  with  teeth 
in  them."  We  hear  a  great  deal  about  the  simple  desire  that  the 
railroads  shall  obey  the  law ;  but  who  is  wise  enough  to  say  what  the 
law  is,  when  only  yesterday  the  Supreme  Court  of  the  United  States 
left  an  important  case  unsettled,  so  far  as  it  was  concerned,  because 
it  was  divided  four  to  four.  These  uncertain  and  conflicting  laws 
and  changes  in  rates  confuse  the  railroad  manager  more  than  the 
public  has  ever  realized. 

A  third  contradiction  is  the  attempt,  by  anti-trust  laws,  to  main- 
tain the  competitive  idea  alongside  regulation,  as  if  unrestricted 
competition  were  compatible  with  compulsory  uniformity  in  rates 
and  service.  The  President  of  the  United  States  and  other  high 
officials  have  spoken  in  no  uncertain  terms  concerning  the  absurdity 
of  a  situation  like  this,  and  yet  thus  far  there  is  no  relief. 

A  fourth  contradiction  is  found  in  the  great  increase  in  cost  of 
producing  transportation  without  the  corresponding  increases  in  sell- 
ing prices  which  have  taken  place  in  other  kinds  of  business  in  which 
private  capital  is  engaged.  The  erroneous  impression  seems  to  pre- 
vail that  the  supply  of  capital  for  the  railroad  industry  is  an  inex- 
haustible reservoir,  regardless  of  the  compensation  which  it  shall 
receive  and  the  conditions  under  which  it  shall  perform  its  work. 
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A  fifth  contradiction  is  the  effort  to  connect  up  rate-making  with 
physical  valuations.  If  it  will  be  a  satisfaction  to  the  politicians  to 
have  a  physical  valuation  of  all  the  railroads  in  the  United  States, 
and  the  people  are  willing  to  be  taxed  to  pay  the  great  expense  of 
obtaining  it,  perhaps  no  great  harm  will  be  done ;  but  I  believe  all 
of  us  here  would  concede  that  valuations  by  the  ablest  engineers,  if 
seperately  made,  would  not  agree,  and  that  before  such  valuations 
could  be  finished,  they  would  be  out  of  date.  Some  of  us  .probably 
think  that  for  rate-making  purposes  the  Government  may  as  well  be 
employed  in  making  a  physical  valuation  of  farms  and  farm  im- 
provements in  order  to  ascertain  what  is  a  fair  price  for  wheat ;  or, 
for  that  matter,  perhaps  be  as  well  employed  in  adding  up  car  num- 
bers. I  know  something  of  a  piece  of  railroad  out  west,  which  in  a 
great  mining  excitement  was  built  through  rocky  and  tortuous 
gorges,  and  with  four  per  cent,  grades  hung  upon  the  precipitous 
sides  of  awful  mountains  in  a  climate  described  by  one  of  the  in- 
habitants as  consisting  of  three  seasons, — July,  August  and  winter. 
Later  the  boom  evaporated  and  the  business  of  the  road  got  down 
to  one  train  a  day.  In  the  low  ebb  of  traffic,  a  brakeman  one  day 
"sifted"  into  the  trainmaster's  office  and  asked  for  a  job.  The  train- 
master put  him  through  the  catechism,  and  among  other  things  in- 
quired, "What  would  you  think  if  you  saw  a  train  carrying  green 
signals?"  to  which  the  applicant  promptly  responded,  "I'd  think 
business  was  picking  up."  Now,  can  any  of  us  tell  what  they  would 
do  in  Washington  with  a  physical  valuation  of  a  road  like  that?  Its 
rates  today  are  only  about  one-fifth  what  they  were  at  first. 

A  sixth  contradiction  is  the  wide-spread  desire  to  regulate  capital- 
ization. Now  it  may  be  that  there  have  been  abuses ;  but  if  one  asks 
any  of  these  critics  what  is  the  grievance  to  be  remedied,  great  sil- 
ence usually  falls  upon  them,  for  they  are  unable  to  show  any  more 
relation  between  rate-making  and  either  physical  valuation  or  capital- 
ization than  there  is  between  the  price  of  a  pair  of  suspenders  and 
the  physical  valuation  or  capitalization  of  a  department  store.  Rail- 
roads are  continually  importuned  to  make  rates  that  will  "move  the 
business,"  as  in  the  case  of  the  Western  road  just  cited,  and  those 
parts  of  the  United  States  which  have  the  highest  railroad  capitaliza- 
tion have  the  lowest  average  freight  rate.  If  you  will  look  at  the 
American  Review  of  Reviews  for  the  month  of  June  1908,  you  will 
find  a  very  interesting  article  by  Interstate  Commerce  Commissioner 
Lane  on  "Railroad  Capitalization  and  Federal  Regulation."  His 
program  is  a  very  simple  one,  and  while  pointing  out  that  there 
should  be  some  way  of  insuring  that  the  proceeds  of  all  railroad 
securities  shall  be  actually  invested  in  "acquisition  of  property,  con- 
struction, completion,  extension,  or  improvement  of  facilities,  the 
improvement  or  maintenance  of  service  and  the  discharge  or  lawful 
refunding  of  obligations,"  he  says, — 

"Fundamentally,  there  is  at  present  no  inter-dependence  of 
"capitalization  and  rate, — the  latter  is  not  in  law,  nor  in  rail- 
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"road  policy,  the  child  of  the  former, — though  railroad  men 
"have  sometimes  expediently  urged  the  claim,  and  courts  have 
"sometimes  too  kindly  given  it  their  nod  of  sanction." 

Also, 

"The  most  potent  kind  of  regulation  is  that  which  casts  the 
"burden  upon  the  individual  to  do  the  regulating  himself  and 
"makes  him  responsible  to  the  law  for  dereliction;  and  the  plan 
"for  the  regulation  of  capitalization  here  presented  is  founded 
"upon  that  theory, — to  require  the  directors  of  the  railroad 
"companies  to  make  public  announcement  of  their  security 
"issues,  to  publish  the  objects  for  which  such  issues  are  made, 
"and  be  responsible  for  the  use  of  the  proceeds  in  the  precise 
"and  limited  manner  announced.  This  is  far  too  modest  a 
"program  to  please  those  who  delight  in  elaborate  methods  of 
"procedure  involving  much  filing  of  forms  and  petitions  and 
"many  hearings,  appraisements,  viseings,  and  solemn  givings 
"of  consent;  and  without  question  it  is  not  nearly  as  thorough- 
going a  plan  as  others  which  have  been  devised.  But  the 
"simpler  the  plan  is,  the  better,  if  it  may  effect  its  purpose." 

He  further  says  that  his  program 
"does  not  guarantee  the  prospective  purchaser  of  the  stock  that 
"the  stock  certificate  which  bears  a  printed  par  value  upon  its 
"face  does  in  fact  represent  property  of  the  full  value  so  de- 
signated ;  but  this  is  not  a  duty  which  the  Government  for  any 
"reason  is  bound  to  assume,  and  I  know  of  no  motive  arising 
"out  of  national  policy  which  compels  the  assumption  of  such 
"responsibility, — certainly  not  at  present." 

If  our  complex  government  shall  control  all  kiture  issues  of  rail- 
road capitalization,  we  may  rely  upon  it  that  most  of  the  new  rail- 
road construction  in  this  country,  instead  of  being  independent,  will 
be  fathered  by  existing  railroad  systems,  because  their  established 
credit,  whatever  it  may  be,  will  be  required. 

RECONCILIATION. 

Is  it  not  evident  that  these  contradictions  never  can  be  reconciled 
by  untrained  men?  I  believe  that  for  the  American  railroad  the 
time  has  gone  by  when  illiterate  men  will  be  put  in  charge  of  mil- 
lions of  dollars'  worth  of  machinery  and  other  property.  We  are  in 
a  new  era.  Railroading  is  rapidly  coming  to  be  a  profession.  We 
are  necessarily  in  all  things  doing  more  and  more  specializing.  Why 
not  insist  that  the  regulation  also  shall  be  in  accordance  with  ethical 
principles  and  not  determined  by  political  expediency? 

The  great  over-shadowing  problem  of  reconciling  private  capital 
and  the  users  of  railroads,  and  the  contradictions  which  I  have 
mentioned,  are  the  inheritance  of  this  generation  of  railroad  men ; 
and  I  have  no  doubt  that  this  generation,  like  all  previous  ones,  will 
be  equal  to  the  task  put  upon  it.    Out  of  the  painful  processes  of  the 
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last  four  years,  we  have  emerged  with  some  gains.  In  the  first 
place,  the  country  now  realizes  that  the  one  million,  five  hundred 
thousand  employes  and  officers  of  American  railroads  are  not  sur- 
passed in  integrity  by  any  other  similar  number  of  business  men. 
During  the  four  years,  hardly  a  voice  has  been  lifted  to  say  this, 
and  so  I  am  glad  to  have  this  opportunity  to  raise  my  own  in  their 
commendation.  In  the  second  place,  it  is  easier  for  shippers  and 
railroad  traffic  men  to  be  honest  than  it  ever  was  before.  The  stop- 
page of  rebates  is  a  distinct  gain,  morally  as  well  as  financially.  In 
the  third  place,  it  has  been  demonstrated,  I  think,  that  our  Govern- 
ment ought  always  to  be  bigger  than  any  corporation,  or  any  man, 
or  any  set  of  men,  and  this  is  a  good  thing  for  us  never  to  forget. 
Already  publicity  has  brought  about  a  friendlier  feeling  between 
the  people  and  the  railroads,  and  along  certain  paths  I  have  no 
doubt  we  shall  find  our  way  out  of  our  difficulties,  for  the  American 
people  are  not  unfair  when  they  understand  a  situation. 

Upon  one  occasion  I  was  making  a  trip  over  a  division  of  road 
where  there  was  no  competition  and  where  we  therefore  enjoyed 
one  hundred  per  cent,  of  the  business.  There  was  an  unexpected 
stop  for  something  and  a  brakeman  went  to  the  rear  to  protect  the 
train.  Presently  a  wagon-load  of  girls  came  in  sight.  The  brake- 
man  took  out  his  handkerchief  and  initiated  a  flirtation.  Then  dis- 
covering that  I  had  seen  the  performance  and  evidently  desiring  to 
square  himself,  he  said  without  hesitation,  "If  we  make  friends  of 
these  people  they  ride  on  our  road."  One  could  hardly  convey  bet- 
ter than  that  brakeman  did  to  me,  an  idea  which  we  should  never 
abandon,  namely,  that  one  of  the  best  assets  a  road  can  have  is 
friends,  and  I  suggest  that  probably  our  first  duty  is  to  keep  in  good 
humor  and  be  considerate  one  for  another.  That  involves  and  in- 
cludes good  service  to  the  public,  and  nothing  will  help  more  to  keep 
the  public  in  good  humor.  The  people  of  this  country  already  have 
the  lowest  rates  and  the  highest  wages  in  the  world.  They  are  the 
best  people  in  the  world  and  are  entitled  to  the  best  service  in  every- 
thing. I  believe  they  should  insist  upon  having  the  best  railroads, 
and  when  they  so  insist,  and  realize  that  our  population  has  thus  far 
doubled  every  thirty  years  and  will  soon  be  one  hundred  million, 
and  not  very  long  after  that  one  hundred  and  twenty-five  million, 
and  that  our  transportation  necessities  double  faster  than  our  popula- 
tion does,  they  will  set  about  finding  out  what  is  necessary  to  obtain 
adequate  railroads,  and  then  we  shall  probably  hear  less  about  rates 
and  more  about  efficiency  and  safety.  When  the  people  do  this  they 
will  soon  discover  that  it  is  no  more  disgraceful  to  make  money  in 
building  railroads  than  in  selling  land  or  in  merchandising  or  in 
manufacturing  or  in  mining.  They  will  also  discover  that  although 
the  courts  have  said  railroad  investors  are  entitled  to  a  reasonable 
return  upon  a  fair  value,  no  court — not  even  that  great  tribunal,  the 
Supreme  Court  of  the  United  States — can  finally  say  what  is  a  rea- 
sonable return.     This  question  would  still  be  unsettled  because  we 
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have  not  yet  gotten  away  from  our  dependence  upon  private  capital. 
What  is  a  reasonable  return  must  be  answered  by  the  investor  as 
well  as  by  the  commissions  or  the  courts,  because  it  always  takes 
two  to  make  a  bargain,  and  money^,  like  its  human  owners,  will  go 
where  it  has  the  best  prospective  reward  and  the  greatest  liberty. 
The  people  will  find  that  what  we  need  in  this  country  is  not  more 
bureaucratic  government  by  untrained  officials  with  brief  tenures  of 
political  office,  or  more  power  to  commissions,  but  more  responsi- 
bility upon  boards  of  directors.  It  statutes  are  necessary  to  insure 
this,  well  and  good;  but  if  regulation  is  general  in  character  and 
national  in  scope,  is  directed  against  oppression  and  discrimination, 
and  designed  to  promote  safety  and  efficiency  and  faithful  account- 
ing, the  people  will  get  better  results  from  intelligent  and  honest 
directors  than  they  will  from  the  best  governmental  management 
which  can  be  devised ;  and  so  long  as  the  railroads  are  owned  by 
private  investors,  those  investors  will  doubtless  insist  upon  their 
directors  having  more  and  more  to  do. 

I  am  aware  that  there  is  a  socialistic  trend  all  over  the  world. 
There  is  more  and  more  disposition  to  prescribe  medicine  for  other 
people  to  take,  but  no  amount  of  legislation  will  change  the  funda- 
mental laws  of  the  universe.  The  fact  is, — notwithstanding  our 
Declaration  of  Independence, — men  are  not  created  equal.  It  is  a 
fine  thing  for  all  of  us  that  they  are  not.  There  is  a  diversity  of 
gifts ;  money-making  is  one  of  them,  but  a  man  may  have  the  talent 
for  making  money  and  be  totally  unable  to  build  a  bridge  or  paint 
a  portrait  or  lead  an  orchestra  or  an  army,  and  if  fortunes  are  ac- 
quired under  the  laws  which  we  ourselves  have  made,  why  should 
we  be  envious?  Unless  a  rich  man  hoards  money  like  a  miser,  it 
is — if  not  alarmed — continuously  at  work  for  all  of  us,  through  the 
banks  or  otherwise,  in  spite  of  anything  he  can  do,  and  the  cheaper 
it  can  be  had,  the  greater  the  economy  to  society  as  a  whole.  It  is 
impossible  to  reduce  everybody  to  a  dead  level,  and  how  monotonous 
it  would  be  if  we  could!  We  don't  satisfy  everybody  even  in  our 
form  of  government,  which  we  are  prone  to  think  is  the  best  in  the 
world.  For  example,  at  the  last  election  six  and  a  half  million  peo- 
ple did  not  get  what  they  voted  for.  Part  of  them  got  what  they 
really  wanted,  but  on  the  face  of  the  returns,  six  and  a  half  million 
were  disappointed,  and  yet  the  country  goes  happily  on,  apparently 
to  greater  prosperity  than  ever. 

But  how  much  happier  and  how  much  more  prosperous  we  might 
be  if  there  were  not  so  much  untrained  meddling — if  there  were 
not  so  many  brakes  upon  the  wheels  of  our  progress !  A  brake,  we 
all  acquit,  is  a  gpod  thing  in  its  place,  but  it  has  no  propuhk'C  power, 
and  the  efforts  of  the  time  to  combine  in  one  man  or  in  any  one  body 
of  men  the  four  functions  of  prosecuting  attorney,  judge,  jury  and 
executioner  must  sooner  or  later  give  way.  First,  because  it  is  un- 
American,  and  where  such  a  condition  exists,  as  Alexander  Hamil- 
ton | x tinted  out  to  the  people  of  New  York,  "There  is  no  liberty." 
Second,  because  it  will  not  work  practically. 
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Reconciliation  of  private  capital  and  the  users  of  railroads  might, 
of  course,  be  brought  about  by  government  ownership,  because  if 
there  were  a  deficit  the  people  could  pay  it  in  their  taxes.  Even 
then  railroad  rates  could  not  be  made  mathematically  consistent,  for 
government  is  never  mathematically  consistent.  For  example,  if  I 
mail  a  letter  to  San  Francisco  or  London,  I  pay  two  cents,  and  if 
you  mail  a  letter  to  Evanston,  you  pay  two  cents.  But  nobody  seems 
to  want  government  ownership,  although  many  people  contend  that 
that  would  be  much  fairer  and  more  honest  than  government  control 
of  railroads  without  financial  responsibility.  Perhaps  a  middle 
ground  may  sometime  be  worked  out  by  a  profit-sharing  arrange- 
ment, as  in  Chicago  between  the  city  and  the  street  railway  com- 
panies. That  would  have  its  advantages.  Among  the  advantages 
would  be  cheaper  money  for  railroads,  if  the  government  would 
guarantee  a  minimum  return  on  agreed  valuations.  But  of  course 
this  would  be  much  more  complex  than  to  work  out  an  arrangement 
with  corporations  like  street  railways,  which  do  a  single  kind  of 
business  at  one  rate,  instead  of  a  business  affecting  every  commod- 
ity of  human  consumption  and  stretching  through  forty-six  states 
and  two  territories.  However,  I  think  there  is  food  for  thought  for 
all  of  us  in  what  has  been  accomplished  here  in  Chicago,  and  the 
professional  intellect  present  tonight  may  well  think  it  over. 

Finally, — while  a  man  has  as  good  a  right  to  increase  his  fortune 
by  investing  in  railroads  as  in  any  other  manner,  no  matter  what 
it  may  be,  I  believe  we  shall  find  a  solution  for  some  of  the  puzzles 
that  beset  us, — not  through  the  gospel  of  tyranny  on  the  one  hand, 
nor  the  gospel  of  equality  on  the  other  hand,  but  through  a  gospel 
of  stewardship.  Let  us  all  feel  that  although  the  acquisitive  faculty 
is  undoubtedly  planted  in  the  human  breast  for  some  wise  purpose, 
we  are  not  here  primarily  for  personal  aggrandizement.  We  are 
here  for  service,  and  the  greater  our  talents  or  our  wealth  or  our 
opportunities  the  greater  our  responsibility.  We  are  trustees — for 
the  users  of  our  railroads  for  our  employees,  and  for  investors ;  and 
let  us  welcome  all  the  additional  responsibility  which  may  be  put 
upon  us  as  directors  or  salaried  officials.  I  am  sure  this  sentiment 
will  commend  itself  to  all  of  you,  because  there  is  no  body  of  men 
in  the  world  which  has  a  higher  code  of  ethics  and  which  has  demon- 
strated personal  fidelity  in  a  higher  degree  than  the  Engineers  of 
America. 
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IMPROVEMENT  OF  THE  UPPER  MISSISSIPPI  RIVER 

C.    McD.    TOWNSEND,    M.W.S.E., 

Lieut.  Colonel,  Corps  of  Engineers,  U.  S.  A. 

Presented  Nov.  4,  1908. 

Introduction. 

The  works  constructed  in  the  upper  Mississippi  River  afford  ex- 
cellent illustrations  of  the  successful  solution  of  many  of  the  prob- 
lems that  arise  in  the  improvement  of  non-tidal  rivers.  The  obsta- 
cles at  the  Des  Moines  Rapids  have  been  surmounted  by  a  lateral 
canal.  At  the  Rock  Island  Rapids  a  channel  has  been  excavated 
through  the  rock  composing  the  bed  of  the  river  and  the  slopes  mod- 
ified by  submerged  dams  and  wing  dams,  as  effectively  as  in  the 
celebrated  improvement  of  the  Iron  Gate  on  the  Danube.  The 
stretch  of  river  from  St.  Paul  to  Lake  Pepin  is  an  example  of  as 
successful  a  regulation  of  a  river  by  wing  dams  and  bank  revet- 
ments as  can  be  found  on  any  river  in  Europe.  Levees  have  been 
constructed  which  protect  from  overflow  220,000  acres  of  alluvial 
bottom  lands,  and  harbors  of  refuge  from  ice  and  storms  have  been 
built. 

The  principal  authors  of  these  improvements  are  General  Alex- 
ander Mackenzie,  Chief  of  Engineers,  U.  S.  A.,  who  was  for  fifteen 
years  in  charge  of  the  general  improvement  of  the  river,  and  Colonel 
Amos  Stickney,  Corps  of  Engineers,  who  was  in  local  charge  of 
the  Des  Moines  Rapids  Canal  during  its  construction.  Descriptions 
of  their  work  are  to  be  found  scattered  through  the  voluminous  re- 
ports of  the  Chief  of  Engineers.  These  officers  have  now  retired 
from  active  service,  and  it  is  considered  a  fitting  tribute  to  them  to 
compile  the  results  of  their  labors  in  the  following  paper,  which 
while  it  has  been  principally  derived  from  the  reports  of  the  Chief 
of  Engineers,  has  been  submitted  for  criticism  to  the  Assistant  En- 
gineers who  efficiently  supported  them,  and  the  writer  acknowl- 
edges valuable  assistance  in  its  preparation  from  Messrs.  C.  \Y. 
Durham,  M.  Meigs,  J.  D.  Dushane,  W.  A.  Thompson,  J.  C.  McEl- 
herne,  S.  Edwards  and  A.  L.  Richards. 

As  the  river  and  harbor  act  of  March  2,  1907,  enlarged  the  pro- 
ject for  improving  this  portion  of  the  river,  the  close  of  the  fiscal 
year  ending  June  30,  iqo6,  becomes  a  suitable  time  to  sum  up  the 
work  done  under  the  original  project. 

To  fully  illustrate  the  works  of  the  district  would  require  a  series 
of  drpwings  too  voluminous  for  the  purposes  of  this  paper,  and  to 
fully  describe  them  would  make  it  of  interminable  length.  Maps  of 
the  river  on  a  scale  sufficiently  large  to  show  the  works  of  improve- 
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merit  would  form  an  atlas  of  about  80  sheets.  The  maps  showing 
details  of  construction  of  the  Des  Moines  Rapids  Canal  fill  two  large 
volumes,  and  drawings  of  the  Rock  Island  Rapids  are  nearly  as 
numerous.  The  stretch  of  river  from  St.  Paul  to  Prescott  has  been 
selected  to  show  the  method  of  improvement  adopted,  and  such 
other  parts  of  the  river  only  are  described  as  illustrate  some  varia- 
tion from  the  general  methods  adopted.  At  the  Des  Moines  Rapids 
Canal  drawings  of  the  middle  lock  has  been  submitted  as  the  type 
of  lock  construction,  and  a  map  of  Rock  Island  Rapids  has  been 
prepared  showing  the  work  done  under  the  various  projects. 

DESCRIPTION   OF   THE  UPPER   MISSISSIPPI   RIVER. 

The  work  on  the  Upper  Mississippi  River  described  in  this  paper 
extends  from  the  Omaha  bridge  at  St.  Paul,  Minn.,  to  the  mouth  of 
the  Missouri  River,  a  distance  of  about  658  miles.  At  St.  Paul  the 
river  drains  an  area  of  about  32,000  square  miles  and  has  an  extreme 
low  water  discharge  during  the  season  of  navigation  of  about  2,000 
cubic  feet  per  second.  The  extreme  flood  height  recorded,  that  of 
1850,  is  19.7  feet  above  datum — the  low  water  of  1864,  and  20.0 
feet  above  the  low  water  of  1894,  the  lowest  recorded  stage  that  has 
occurred  when  the  river  was  not  frozen  over.  The  discharge  of 
the  river  has  been  measured  at  a  gauge  height  of  17.5  feet  and  found 
to  be  about  85,000  cubic  feet  per  second. 

From  St.  Paul  to  Prescott,  Wis.,  a  distance  of  29.7  miles,  the 
river  has  an  average  low  water  slope  of  0.544  feet  per  mile.  From 
a  survey  in  1879,  made  prior  to  any  systematic  improvement  of  the 
river,  the  following  elements  of  its  regimen  have  been  obtained :  The 
least  depth  on  bars,  1.0  feet  below  datum ;  the  mean  of  least  depth  on 
bars,  3.2  feet;  greatest  depth  in  pools,  21.6  feet;  the  mean  of  greatest 
depths,  9.7  feet. 

At  Prescott  the  St.  Croix  empties  into  theMississippi,  with  a  drain- 
age area  of  about  7,146  square  miles.  Due  to  the  influence  of  St. 
Croix  Lake,  it  discharges  little  sediment,  and  below  the  junction  the 
average  low  water  slope  becomes  0.281  feet  per  mile.  There  is  a 
still  further  reduction  of  slope  as  Lake  Pepin  (56  miles  below  St. 
Paul)  is  approached.  On  this  stretch  of  river  before  its  improve- 
ment was  undertaken,  the  least  depth  on  bars  was  2.0  feet  below  da- 
tum ;  the  mean  of  the  least  depths  on  bars,  5.4  feet ;  the  greatest 
depth  in  pools,  19.7  feet,  and  the  mean  of  greatest  depths  in  pools 
14.7  feet. 

Lake  Pepin  has  a  length  of  about  22  miles;  its  greatest  width  is 
2.6  miles.  The  slope  through  the  lake  at  low  water  is  inappreciable, 
and  the  extreme  range  of  flood  14.8  feet.  In  its  passage  through  the 
lake,  the  Mississippi  deposits  most  of  its  sediment,  and  emerges  com- 
paratively clear  at  all  stages.  It  there  forms  a  junction  with  the 
Chippewa  river,  which  at  flood  stages  carries  a  large  amount  of  sand 
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and  drains  an  area  of  about  9,530  square  miles.  For  two  miles  below 
the  junction,  the  low  water  slope  is  0.851  foot  per  mile.  The  slope 
then  gradually  diminishes.  Below  Winona  (Mile  116)  the  river  has 
the  same  average  slope  as  between  St.  Paul  and  Prescott ;  above  the 
mouth  of  the  Wisconsin  river  (Mile  212)  the  average  low  water 
slope  is  0.107  foot  per  mile. 

The  Wisconsin  river,  with  a  drainage  area  of  12,864  square  miles, 
also  brings  large  quantities  of  silt  into  the  Mississippi  river  during 
floods,  and  the  low  water  slope  below  the  junction  increases  to  0.323 
foot  per  mile. 

Below  the  Wisconsin  river  the  principal  tributaries  are  the  Rock 
river,  with  a  drainage  area  of  9,692  square  miles ;  the  Iowa  river, 
draining  12,358  square  miles;  the  Des  Moines  river,  13,692  square 
miles,  and  the  Illinois  river,  27,963  square  miles.  Variations  in  slopes 
are  found  at  the  mouths  of  all  these  tributaries,  but  are  most  marked 
at  the  mouth  of  the  Illinois,  the  average  low  water  slope  for  ten 
miles  above  being  0.570  foot  per  mile,  and  for  four  miles  below, 
0.137  foot.  The  drainage  area  of  the  various  tributaries  is  shown 
in  Table  I,  and  the  low  water  slopes  of  the  Main  river  on  Plate  II. 

TABLE  I. 

Drainage    Areas    of    Tributaries   -of    the    Mississippi    Above    the    Missouri    River. 


Miles  Right  Area; 

TRIBUTARIES  from  Omaha  or  Square 

Bridge,  Left  Miles 

St.  Paul  Bank 

Above   Omaha  Bridge,   St.   Paul. 

Upper    Mississippi    (above    the    Minnesota) 4 

Minnesota      4 

Belozv  Omaha  Bridge,   St.  Paul. 

Saint    Croix     30 

Trimbelle,    Isabelle    and    Rush 43,  56,  61 

Cannon     48 

Chippewa      78 

Zumbro     84 

Whitewater  and  Indian  Creek   09 

Reef,    Waumandee   and  Trempealeau    (Mountain) 88,100,121 

Black    and    La    Crosse    144 

Root    148 

Upper    1  owa     170 

Yellow     • 206 

Wisconsin     212 

Turkey      236 

Galena     278 

Maquoketa      20b 

Wapsipinicon    330 

Rock    366 

Iowa    411 

Edwards      414 

Henderson      437 

Skunk      450 

Dcs    Moines    y?2 

Eabius    (and    two    creeks)     5_5 

Salt      566 

(  "uivre    (and    two    creeks)     615-620 

Illinois    635 

Total   drainage  area,   square  miles •  •  1.>0.S0i 
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The  range  of  flood  heights  varies  from  12.0  feet  at  the  head  of 
the  Des  Moines  Rapids  to  34.8  feet  at  Alton ;  the  Alton  gauge,  how- 
ever, is  affected  by  back  water  from  the  Missouri  river.  Table  II 
gives  the  distance,  elevation  of  datum,  lowest  and  highest  stages  and 
average  slopes  at  the  principal  landings  on  the  Mississippi  river  be- 
tween St.  Paul  and  the  mouth  of  the  Missouri  river,  the  datum  line 
being  the  low  water  of  1864  above  Louisiana,  and  that  of  1894 
at  and  below  that  place. 

The  depths  existing  on  the  different  stretches  of  the  river  before 
improvement  will  be  found  in  Table  III. 

Measurements  of  the  discharge  of  the  Upper  Mississippi  river 
were  made  at  a  number  of  localities  during  the  survey  of  the  river 
in  1878  and  1879.  The  results  are  appended  in  Table  IV.  At  St. 
Paul,  discharge  measurements  have  been  made  annually  since  1890. 
The  mean  discharge  curve  resulting  therefrom  is  shown  in  Plate 
III.  From  October,  1880,  to  October,  1881,  a  series  of  discharge 
and  sediment  observations  were  taken,  under  the  direction  of  the 
Mississippi  River  Commission,  at  Prescott,  Wis.  (Mile  30)  ;  Wi- 
nona, Minn.  (Mile  116)  ;  Clayton,  Iowa  (Mile  219)  ;  Hannibal, 
Mo.  (Mile  540),  and  Grafton,  111.  (Mile  636).  The  resultant  mean 
discharge  curves  are  also  shown  on  Plate  III. 

The  valley  of  the  Upper  Mississippi  is  narrow.  The  hills  inclosing 
the  valley  have  in  general,  steep  slopes  on  the  river  side,  so  that  the 
minor  streams  when  in  flood  bring  into  the  river  large  quantities  of 
gravel  and  in  some  instances  bowlders  of  considerable  size,  which  it 
is  occasionally  necessary  to  remove  by  dredging. 

When  the  main  channel  of  the  river  washes  the  hills  on  one  side 
of  the  valley,  there  is  usually  found  on  the  other  side  a  minor  channel 
termed  a  slough,  connecting  with  the  main  channel  by  numerous 
cross  sloughs.  At  low  stages  many  of  these  sloughs  are  dry,  but  at 
medium  or  flood  stages  the  alluvial  valley  contains  numerous  islands 
through  which  the  main  channel  of  the  river  winds,  but  loses  con- 
siderable of  its  energy  by  the  draft  into  the  side  channels.  In  its  un- 
improved condition  sand  bars  frequently  formed  in  the  channels  hav- 
ing depths  on  their  crests  of  less  than  il/2  feet  below  low  water. 
The  channel  was  also  obstructed  by  snags,  bowlders  and  ridges  of 
rock  extending  across  the  river.  The  most  noted  of  these  rock  ridges 
form  the  Rock  Island  Rapids  and  Des  Moines  Rapids. 

The  origin  for  distances  on  the  river  is  at  the  Omaha  bridge  at 
St.  Paul,  the  upper  limit  of  the  district,  the  datum  for  elevations  is 
the  Cairo  datum  of  the  Mississippi  river,  21.26  feet  below  the  mean 
level  of  the  Gulf  of  Mexico  at  Beloxi,  Miss.  The  local  datum  line 
is  the  low  water  of  1864  where  known,  and  as  computed  from  obser- 
vations in  1877  at  other  localities  from  St.  Paul  to  Louisiana  (Mile 
568)  ;  at  and  below  Louisiana  the  low  water  of  1894  has  been 
adopted. 
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TABLE  II. 

Distance,   Low   Water   Elevations,   Fall,   Slope,   and   High   and   Low   Water   Stages    During 

Season  of  Navigation. 

Upper  Mississippi  River,  St.  Paul,  Minnesota,  to  St.  Louis,  Missouri. 


LOCALITY 
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St.    Paul    (Omaha    Bridge) 0.0  700.02 

St.   Paul    (Jackson   St.) 2.2  705.11 

Newport     10.3  700.15 

Hastings     27.2  690.79 

Prescott      29.7  689.80 

Diamond    Bluff     40.9  686.71 

Trenton      46.6  685.69 

Red    Wing    '. .  v 50.0  685.47 

Wacouta     56.1  685.03 

Lake  City    68.0  684.89 

North    Pepin    73.5  684.85 

Reeds    Landing    77.3  684.64 

Wabasha    80.6  681.83 

Alma     88.0  676.26 

Minneiska    98.4  671.01 

Mount    Vernon    100.0  669.75 

Fountain    City    108.2  665.42 

Winona      ". 115.9  660.34 

Homer    121.0  659.08 

Trempealeau      .126.9  655.66 

Richmond    129.8  653.66 

Dresbach     136.5  650.97 

La  Crosse  Wagon   Bridge 144.2  646.48 

Brownsville     152.6  642.61 

Warners   Landing    158.7  638.52 

Genoa     162.3  637.00 

Victory     169.3  635.51 

De    Soto    174.4  633.96 

Lansing    178.8  632.34 

Heytmans 187.3  630.80 

Lynxville     191.5  628.79 

Johnsonport     202.0  626.10 

N.   McGregor   Bridge    208.0  625.32 

Wisconsin     River     212.3  624.86 

Clayton 218.8  622.76 

Glenhaven      225.6  620.79 

Cassville 236.5  615.88 

Waupeton    244.0  613.26 

Spechts    Ferry    251.8  610.29 

Dubuque     264.8  605.60 

Bellevue     288.0  598.72 

Savanna     307.3  592.72 

Sabula    309.1  591.82 

Lyons  Bridge    324.7  587.08 

Clinton     326.8  586.43 

Albany     331.2  585.42 

Cordova 342.0  583.21 

La    Claire    348.1  583.11 

Hampton    353.1  575.58 

Rock    Island   Bridge 362.8  562.37 

Buffalo     372.0  558.97 

Montpelier     376.6  557.10 

Fairport      382.0  554.79 

Muscatine      390.0  551.28 

Port    Louisa    403.4  546.98 

New   Boston    411.5  544.37 

Keithsburg     417.1  543.03 

Oquawka    429.2  537.03 

Burlington 441.6  531.25 

Dallas  City    455.2  525.67 

Fort  Madison    462.7  522.66 

Nauvoo 469.9  520.46 

Montrose     472.3  520.44 

Nashville      476.0  516.86 

Keokuk     484.0  497.79 


5.87 
9.36 
0.93 
3.15 
1.02 
0.22 
0.44 
0.14 
0.04 
0.21 
2.81 
5.57 
5.25 
1.26 
4.33 
5.08 
1.26 
3.42 
2.00 
2.69 
4.49 
3.87 
4.09 
1.52 
1.49 
1.55 
1.62 
1.54 
2.01 
2.69 
0.78 
0.46 
2.10 
1.97 
4.91 
2.62 
2.97 
4.69 
6.88 
6.00 
0.90 
4.74 
0.65 
1.01 
2.21 
0.10 
7.53 

13.21 
3.40 
1.87 
2.31 
3.51 
4.30 
2.61 
1.34 
6.00 
5.78 
5.58 
3.01 
2.20 
0.02 
3.58 

19.07 


—0.3 

0.570         

0.554  —0.5 

0.372  —0.7 

0.281         

0.179         

0.065  —0.3 

0.072         

0.010         

0.007         

0.055  —0.4 

0.851         

0.753         

0.505         

0.788         

0.528         

0.660  0.2 

0.247         

0.580         

0.690         

0.401         

0.583  0.2 

0.461         

0.670         

0.422         

0.213  ...... 

0.304         

0.368         

0.181         

0.479         

0.256  

0.130  0.3 

0.107         

0.323         

0.290         

0.450         

0.349         

0.381         

0.361  0.0 

0.297         

0.311         

0.500  0.2 

0.304         

0.310  0.2 

0.230         

0.205         

0.016  ..... 

1.506         

1.362  0.0 

0.370         

0.407         

0.428         

0.439  —0.5 

0.321         

0.322         

0.240  —0.3 

0.496         

0.466  —0.2 

0.410         

0.401  —0.3 

0.306         

0.008         

0.970  0.2 

2.384  —0.7 


19.1 
18.6 

15.3 

14.9 

14.8 
16.3 
16.3 
15.1 

15.3 

17.0 


17.0 
16.0 

16.5 

19.6 
18.7 

19.6 

20.9 

21.5 

21.6 
19.9 
21.6 

21.3 

21.7 
20.5 
19.8 
19.5 
20.4 
20.5 
19.9 
17.4 
13.7 
14.8 
19.4 


18.6 
17.4 
15.5 
16.2 
14.9 
16.0 
17.6 
17.5 
16.5 
14.0 
12.6 
12.0 
19.6 
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TABLE  II— Continued 


LOCALITY 


V     rt     <L> 

C         *i 
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u  ex 


>  a  u 


u^- 


0.fe 


^2 


=   St  OS 

i-3  c/: 


oi     I 

Z.  GO  — 

as  i-  *> 


1^ 


Warsaw      488.0  495.52  2.27  0.507 

Alexandria    488.0  405.21  0.31  0.510 

Gregory    405.0  492.29  2.92  0.450 

Canton      500.0  488.42  3.87  0.352 

La   Grange    512.1  484.99  3.43  0.502 

Ouincy    521.0  478.25  0.74  0.757 

Hannibal   Bridge    539.1  469.52  8.73  0.482 

Saverton       540.0  465.95  3.57  0.470 

Mundys    Landing    55G.7  462.51  3.44  0.341 

Louisiana     " 567.7  450.77  5.74  0.522 

Clarksville     577.4  453.42  3.35  0.345 

Hamburg     592.7  446.37  7.05  0.461 

Stag    Island    (head) 600.7  442.70  3.07  0.459 

Hastings    Landing     014.5  435.59  7.11  0.515 

Graft-on       635.2  424.09  11.50  0.556 

Elsah     639.5  423.50  0.59  0.137 

Alton       651.1  418.37  5.13  0.442 

Maple    Island    654.1  417.14  1.23  0.410 

Missouri    River    658.0  414.75  2.39  0.613 

St.    Louis    (Eads    Bridge)    676.0  400.24  16.90  0.806 


—0.3 

20.3 

—0.2 

22.5 

0.0 

20.8 

18.7 

0.4 

28.4 

—0.2 

31.4 

In  1850.  high  water  at  St.  Paul  was  19.7;  at  Newport,  18.4.  In  1851,  at  Camanche, 
23.93;  at  Buffalo.  17.3.  In  1809.  at  Trempealeau,  10.0.  In  1870,  at  Red  Wing,  10.6;  at 
Wacouta,   16.6   (from  Haydcn's  Geol.   Survey,   1877). 

In  1844,  high  water  at  Elsah  was  31.8;  at  Alton,  34.8.  In  1851.  at  Keithsburg,  16.2; 
at  Oquawka,  17.3;  at  Fort  Madison,  21.4;  at  Montrose.  14.1;  at  Keokuk,  20.9;  at  War- 
saw, 21.9;  at  La  Grange,  19.5;  at  Ouincy,  22.6;  at  Hannibal,  21.9;  at  Louisiana,  22.3; 
at  Clarksville,  21.9,  and  at  Alton,  30.7.  In  1870,  at  Hastings,  18.7,  and  at  Moline,  15.0 
(levels  of   C.   W.    Durham). 

TABLE  III. 

Depths   of   Mississippi    River,    Derived    from   Survey   of   1878-1879. 


Miles 

from 
Omaha  DESIGNATION  Year 

Bridge, 

Saint 

Paul 

2-30  St.     Paul    to    Prescott 1879 

30-50  Prescott    to    Wacouta 1878 

77-108  Chippewa   River  to   Fountain  City.  1878 

108-144  Fountain   City  to   La    Crosse 1879 

144-179  La    Crosse    to    Lansing 1879 

179-212  Lansing   to   Wisconsin    River 1879 

212-265  Wisconsin    River  to    Dubuque 1878 

265-307  Dubuque    to     Savanna 1878 

307-348  Savanna    to    Le    Claire 1878 

363-403  Rock    Island    to    Port    Louisa 1878 

403-442  Port    Louisa    to    Burlington 1878-9 

442-472  Burlington    to    Montrose 1878-9 

484-521  Keokuk     to     Quincy 1878 

521-553  Ouincy    to    Cincinnati    Landing.  .  .1878 

553-593  Cincinnati    Landing   to    Hamburg.  1878 

593-635  Hamburg    to     Grafton 1878 
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Feet 
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21.6 

1.0 

9.7 

3.22 

39 

4.3 

19.7 

2.0 

14.7 

5.43 

23 

0.8 

24.0 

1.4 

11.7 

4.3 

34 

•  >  •> 

20.6 

2.6 

13.14- 

3.96 

34 

1.3 

29.0 

3.1 

18.6 

6.9 

38 

1.6 

22.8 

2.4 

18.7 

5.07 

21 

2.6 

33.0 

2.7 

17.5 

4.57 

39 

2.5 

24.1 

1.2 

14.8 

4.38 

27 

2.9 

19.4  + 

3.1 

15.5 

4.8 

17 

2.9 

16.6 

2  2 

12.2 

4.61 

21 

2.4 

23.7 

2.5 

15.5 

5.41 

20 

3.4 

30.0 

2.7 

18.3 

4.81 

22 

2.8 

20.0 

1.9 

16.6 

4.  OS 

22 

3.1 

33.5 

—0.1 

14.0 

4.7 

14 

3.1 

29.7 

0.9 

15.4  4- 

5.1 

26 

2.5 

20.9 

1.2 

15.84- 

5.5 
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3.1 

GENERAL  IMPROVEMENT  OF  THE  UPPER  MISSISSIPPI   RIVER. 

The  original  project  for  the  improvement  of  the  Upper  Mississippi 
was  adopted  in  1878,  and  proposed  the  contraction  of  the  waterway 
by  the  closure  of  clinics,  construction  of  wing-  dams,  and  revetment 
of  caving  hanks,  so  as  to  obtain  a  navigable  channel  of  a  depth  of 
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43/2  feet  at  extreme  low  water,  to  be  eventually  increased  to  6  feet. 
The  datum  adopted  is  the  extreme  low  water  of  1864,  checked 
where  interpolation  has  been  necessary  by  the  low  water  of  1894.  At 
the  various  gauges  this  varies  from  1.25  to  2.0  feet  below  the  plane 
of  the  mean  of  low  water  during  the  seasons  of  navigation ;  but  when 
the  river  is  frozen  over,  gauge  readings  below  zero  are  not  infre- 
quent. 

TABLE  IV. 

Gauging   Measurements   on   the   Upper   Mississippi,    by   the   Humphrey    and   Abbot    Method 

of  Mid-depth  Floats. 

Miles  Mean 

from  Wetted  velocity  Discharge 

LOCALITY  Omaha  Year     Stage   Width      peri-  Area  per  per 

Bridge  Feet      Feet      meter  Sq.  ft.        second       second 

St.  Paul  Feet  Feet  cu.  ft. 

Frenchmans     Bar 5  1874  5.8  20,091 

Wabasha     81  1878  3.5  1,500  1,502  12,790  1,058  21,212 

Winona      116  1878  1.3  1,476  1,477  8,651  1,856  16,061 

Winona      116  1880  8.1  1,785  1,788  22,331  3,237  72,298 

Tohnsonport     202  1878  1.0  1,570  1,573  15,637  1,553  16,473 

Below   mouth   Wisconsin    Rvr.  .213  1878  0.96  1,237  1,239  16,161  1,270  20,527 

Lyons     323  1878  3.1  1,736  1,737  23,227  1,615  37,512 

Princeton     343  1878  1.1  2.087  2,088  21,599  1,284  27,743 

Rock    Island     363  1878  2.1  2,444  2,445  19,109  1,586  30,313 

Rock    Island     363  1880  18.4  2,737  2,740  60,880  43,456  251,348 

Burlington       442  1879  7.2  2,406  2,410  34,791  2,975  103,536 

Burlington       442  1879  0.7  2,333  2,335  19,749  1,414  27,929 

Canton     506  1878  5.2  2,339  2,341  25,571  2,403  61,445 

Hannibal     539  1878  1.5  1,100  1,102  17,086  2,267  38,741 

Hamburg     593  1878  2.0  1,936  1,960  24,675  1,892  46,691 

Hastings    Island    615  1878  1.6  2,030  2,061  25,731  2,001  51,485 

Grafton     ; 635  1878  2.2  2,800  2,842  24,722  2,036  50,348 


The  width  to  which  the  river  is  being  contracted  is  400  feet  from 
St.  Paul  to  the  mouth  of  the  St.  Croix  river  (Mile  30),  600  feet 
from  the  mouth. of  the  St.  Croix  to  Lake  Pepin  (Mile  56),  800  feet 
from  Lake  Pepin  to  the  mouth  of  the  Wisconsin  river,  thence  to 
Rock  Island  Rapids  (Mile  348),  1,000  feet,  from  Rock  Island  to 
Quincy  (Mile  521),  1,200  feet,  from  Quincy  to  Louisiana  (Mile 
567),  1,300  feet,  from  Louisiana  to  the  mouth  of  the  Illinois  river 
(Mile  631),  1,400  feet,  and  from  the  Illinois  river  to  the  Missouri, 
1,600  feet. 

The  works  of  improvement,  consisting  of  bank  revetment,  wing 
dams,  closing  dams  and  longitudinal  dikes,  are  generally  constructed 
of  brush  and  rock.  The  bank  revetment  (Plate  VIII)  consists,  below 
the  water  surface  at  the  time  of  construction,  of  a  mattress  of  brush 
fascines  sunk  in  place  by  rip  rap  rock ;  above  low  water  line,  of  a  rip 
rap  of  6  to  12  inches  of  rock.  The  width  of  brush  mattresses  varies 
from  20  to  60  feet,  being  affected  by  the  stage  of  river  at  time  of 
construction,  and  the  depth  of  water.  The  fascines  are  preferably 
made  of  willow  brush,  which  is  found  in  large  quantities  on  the 
islands  and  sand  bars  in  the  river,  but  where  there  is  a  local  scarcity 
of  willows,  the  use  of  other  varieties  of  wood  sufficiently  straight  to 
be  bound  into  fascines  has  been  allowed.  Recent  specifications  re- 
quire that  fascines  shall  be  made  of  live  brush  sufficiently  trimmed 
and  choked  to   form  a  compact  mass  twenty   feet  long  and   from 
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twelve  to  fifteen  inches  in  diameter,  and  tied  with  bands  of  lath 
yarn  or  wire  not  more  than  four  feet  apart.  When  made  into  mats 
they  are  closely  packed  and  secured  at  distancs  of  8  to  12  feet  by 
pairs  of  binding  poles  joined  by  ties  of  lath  yarn  or  wire  about  two 
feet  apart.  The  fascines  are  laid  with  their  butts  pointed  down 
stream.  The  early  practice  was  to  lay  the  fascines  at  right  angles 
to  the  shore  line,  butts  to  the  bank,  but  in  this  position  on  steep  banks 
there  was  found  a  tendency  of  the  stone  covering  to  slip. 

The  mattresses  are  constructed  on  small  flats  having  inclined  ways 
upon  them,  which  are  locally  known  as  "grasshoppers."  The  grass- 
hopper (Plate  VIII)  is  a  small  boat,  the  hull  of  which  is  about  2 
feet  deep,  14  to  22  feet  in  width,  and  32  to  40  feet  in  length.  On  this 
hull  are  placed  ways  or  skids  running  fore  and  aft,  usually  4  or  5 
pieces  of  scantling  rounded  and  smoothed  on  the  upper  side.  They 
are  given  an  angle  of  about  30  degrees  with  the  water  surface,  to 
facilitate  launching  the  mat,  and  extend  over  the  forward  end  nearly 
to  the  water  surface.  When  a  length  of  mat  equal  to  the  length  of 
the  ways  has  been  constructed,  the  grasshopper  is  dropped  down  the 
river  a  distance  of  about  twenty  feet,  a  corresponding  length  of  the 
mattress  sliding  into  the  water,  and  another  row  of  fascines  is  then 
added,  lapping  the  preceding  row  from  four  to  ten  feet.  In  this 
manner  a  continuous  mattress  is  constructed  along  the  bank  to  be 
protected.  It  has  been  found  advisable  to  employ  small  binding  poles, 
to  give  greater  flexibility  to  the  mat.  In  some  portions  of  the  river 
three  or  four  good-sized  willow  brush  are  substituted  for  the  binding 
pole,  with  advantageous  results.  The  necessity  of  flexibility  in  the 
mat  is  not  only  to  prevent  rupture  while  sinking,  but  it  is  found  that 
as  soon  as  the  mat  is  in  place  the  river  currents  produce  a  scour  at 
the  toe  of  the  mat,  and  unless  it  is  sufficiently  flexible  to  conform  to 
this  scour,  it  is  undermined  and  slips  farther  into  the  river,  produc- 
ing a  break  in  the  revetment  at  the  water  surface. 

The  upper  bank  is  graded  to  a  slope  of  from  1  on  1^  to  1  on  3 
before  the  rip  rap  is  placed.  In  the  upper  portions  of  the  river, 
where  the  banks  are  low,  the  work  is  done  by  manual  labor.  In  the 
vicinity  of  the  mouth  of  the  Missouri,  where  the  banks  are  higher 
and  more  sandy,  economic  results  have  been  obtained  by  the  use  of 
a  drag  scraper  operated  by  the  steam  engine  on  a  pile-driver.  It 
has  been  the  practice  on  certain  portions  of  the  river  to  sink  the 
mattress  one  season  and  allow  the  river  itself  to  grade  the  upper 
bank  during  the  next  flood,  and  complete  the  work  another  season. 
This  method  of  procedure  is  economical,  provided  the  completion  of 
the  work  be  not  too  long  delayed. 

Wing  dams  (Plate  VIII)  are  constructed  for  the  purpose  of  con- 
tracting the  width  of  the  river  at  low  stages.  It  was  originally  pro- 
posed to  construct  the  dams  in  accordance  with  the  practice  on  Ger- 
man rivers  as  described  by  Schlichting,  giving  them  an  inclination 
Up  stream,  in  straight  reaches  of  i05°-no°,  on  concave  banks.  ioo°- 
102. 50,  and  on  convex  banks,  <)00-too°,  and  so  locate  them  that  their 
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axes  intersect  in  the  middle  of  the  channel.  They  were  to  be  spaced 
at  5-7  of  channel  width  in  straight  reaches,  l/2  the  channel  width  on 
concave  banks,  and  on  convex  banks  the  width  of  the  channel.  While 
in  general  this  plan  has  been  adopted,  there  have  been  numerous  ex- 
ceptions, particularly  in  the  spacing  of  the  dams,  due  principally  to 
economic  considerations.  The  heights  to  which  the  dams  have  been 
constructed  are  also  variable.  The  present  practice  is  to  build  them 
to  a  grade  four  feet  above  low  water  on  the -upper  portion  of  river 
end  six  feet  above  low  water  below  the  Des  Moines  Rapids.  In 
their  construction  a  mattress  containing  a  single  layer  of  brush 
fascines,  bound  with  three  sets  of  binding  poles,  is  first  sunk  the 
•entire  length  of  the  dam,  to  prevent  scour  during  the  process  of  con- 
struction and  to  serve  as  an  apron  to  receive  the  flow  over  the  dam. 
This  is  covered  with  a  layer  of  rip  rap  rock  about  six  inches  thick 
on  the  upper  side  and  one  foot  to  eighteen  inches  on  the  lower  side. 
A  second  mat  is  sunk  on  this  rip  rap  from  ten  to  fifteen  feet  further 
up  stream  and  covered  with  stone.  Additional  mats  are  similarly 
placed  and  covered  until  the  required  grade  is  attained,  each  mat 
being  placed  two  feet  further  up  stream  than  the  one  immediately 
below  it.  In  filling  deep  holes  the  use  of  multiple  mats  is  permitted, 
i.  e.,  mats  composed  of  several  layers  of  fascines.  To  prevent  the 
erosion  of  the  bank,  it  is  revetted  25  to  50  feet  above  and  about  50 
to  75  feet  below  the  point  where  the  dam  abuts  against  it. 

In  dam  construction  a  building  boat  is  required.  The  building 
boat  is  held  in  position  by  lines  extending  to  anchors,  anchor  mats, 
or  piles,  previously  put  in  position,  and  a  barge  of  brush  placed  along 
its  upper  side.  A  barge  of  stone  is  held  about  20  feet  below  by  lines 
extending  to  it,  and  between  the  building  boat  and  rock  bar^e  is 
placed  the  grasshopper  on  which  the  mat  is  constructed. 

The  mats  for  dams  are  constructed  with  the  fascines  laid  across 
the  grasshopper,  butts  down  stream.  They  are  usually  bound  with 
three  sets  of  binding  poles  securely  tied  with  lath  yarn  or  wire, 
usually  at  every  third  fascine.  The  length  of  the  mat  varies  with  the 
swiftness  of  the  current  and  depth  of  water,  but  rarely  exceeds  100 
feet.  Three  quarter  inch  lines  are  attached  to  the  binding  poles  over 
the  tips  about  ten  feet  apart,  and  to  the  binding  poles  over  the  butts 
about  twenty  feet.  After  the  mat  is  launched  these  lines  are  fastened 
on  kevels  on  the  building  boat.  Care  is  required  in  sinking  the  mat 
to  prevent  the  river  currents  from  turning  it  over  and  dumping  the 
load  of  rock.  An  excess  of  rock  is  placed  on  the  upstream  side  of 
the  mat,  and  the  lines  connecting  it  to  the  building  boat  are  grad- 
ually eased  off.  In  shoal  water  the  up-stream  edge  of  the  mar  is  sunx 
to  the  bed  of  the  river  before  the  lines  running  from  the  butts  to  the 
building  barge  are  loosened.  After  the  mat  is  sunk,  the  rock  is  uni- 
formly distributed  over  it,  and  the  lines  used  in  sinking  it  are  then 
removed,  having  been  originally  attached  with  a  turn  to  facilitate 
their  removal. 

On  the  lower  sections  of  the  river  the  mat  is  constructed  from  tilt- 
February,  1909 


36  Townsend — Upper  Mississippi  River 

ing  ways  on  the  building  boat,  instead  of  from  a  grasshopper  as 
above  described.  The  building  boat  (Plate  VIII)  is  165  feet  by  26 
feet  by  4  feet,  and  is  equipped  with  two  steam  capstans  and  a  set  of 
100-foot  tilting  ways.  There  are  also  hand  capstans  for  handling 
by  hand  (if  necessary)  the  anchor  lines  and  the  lines  extending  to 
the  stone  barge.  The  hand  capstans  are  the  No.  B  Providence,  and 
are  convenient  as  idlers  when  the  lines  are  manipulated  by  steam. 
The  steam  capstans  are  of  the  single  cylinder  steamboat  type.  The 
tilting  ways  are  made  of  4-inch,  by  5-inch  by  18-foot  oak  timbers. 
These  timbers  are  set  on  edge  about  8  feet  apart  and  securely  fas- 
tened together  by  a  fore  and  aft  stringer  on  the  in-board  side.  Four 
feet  from  their  outer  ends  they  are  set  in  a  block  one  foot  high,  to 
which  they  are  joined  by  a  heavy  strap  hinge.  To  each  alternate 
way  is  attached  a  4-inch  by  4-inch  pine  timber  that  extends  down 
through  a  hole  in  the  deck  to  near  the  bottom  of  the  boat,  when  the 
ways  are  horizontal.  A  wire  rope  runs  from  the  lower  end  of  each 
of  these  timbers  to  a  pulley  on  the  deck  above  it,  and  is  joined  to  a 
wire  rope  extending  along  the  back  of  the  ways  to  a  pair  of  triple 
blocks,  which  are  connected  with  the  drum  of  one  of  the  steam  cap- 
stans. After  the  mat  has  been  constructed,  by  winding  on  this  cap- 
stan the  inboard  ends  of  the  ways  are  raised  and  the  mat  launched. 

The  closing  dams,  which  are  employed  to  close  chutes  and  side 
channels,  are  constructed  similarly  to  wing  dams,  but  usually  con- 
tain more  rock  and  the  bank  revetment  extends  a  greater  distance 
both  above  and  below  them.  In  long  chutes,  at  low  stages,  a  head 
of  water  exceeding  four  feet  may  exist  on  the  dam ;  in  such  cases 
breaks  have  been  not  infrequent,  and  the  experiment  has  recently 
been  made  of  multiplying  the  number  of  -dams  in  the  chute  so  as  to 
diminish  the  hea'd  on  each  and  to  increase  the  tendency  to  deposit 
sediment  in  the  chute. 

Longitudinal  dikes  are  similar  in  construction  to  wing  dams,  but, 
as  their  name  indicates,  instead  of  being  built  approximately  at  right 
angles  to  the  current,  they  extend  approximately  parallel  to  it. 

During  the  first  years  of  the  improvement,  pile  and  brush  dams 
(Plate  VIII)  were  built  quite  extensively  in  the  river  above  Hast- 
ings (Mile  27).  In  constructing  these  dams,  an  apron  was  laid  in 
the  usual  manner  and  piles  were  driven  through  it  on  the  line  of  the 
dam.  The  distance  between  piles  was  about  four  feet.  They  were 
connected  by  a  stringer  at  a  height  of  about  three  feet  above  low 
water.  Against  this  stringer  brush  fascines  were  laid  side  by  side 
with  their  tips  up  stream  and  their  butts  extending  over  the  stringer 
about  one  foot  and  bound  to  it  with  binding  poles  and  wire.  A  small 
amount  of  rock  was  then  thrown  on  the  tips.  Due  to  the  small  quan- 
tity of  sediment  in  the  upper  river  these  dams  have  not  been  as  suc- 
cessful as  similar  ones  in  the  river  below  St.  Louis  have  been.  Thev 
were  cheaply  constructed,  but  after  a  few  years  they  became  so  di- 
lapidated thai  it  was  necessary  to  convert  them  into  the  ordinary 
brush  and  rock  dam. 
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Where  it  has  been  necessary  to  dredge  through  gravel  bars,  the 
material  removed  has  been  frequently  employed  as  a  foundation  for 
dams  and  topped  with  regular  courses  of  brush  and  rock.  The  ferry 
dike  opposite  Hannibal  (Mile  540)  was  built  entirely  of  gravel, 
dumped  at  a  7-foot  stage,  and  has  required  no  repairs  since  its  con- 
struction in  1883.  A  number  of  sand  dams  have  been  built  above 
Lake  Pepin  with  an  hydraulic  dredge,  which  deposits  the  body  of  the 
dam  in  such  a  shape  that  a  single  course  of  brush  and  rock  com- 
pletes it.  Their  cost  is  about  one-half  that  of  the  ordinary  brush 
and  rock  dam.  They  have  usually  been  put  in  as  intermediate  dams 
of  a  series,  and  in  such  a  location  appear  to  be  as  durable  as  the 
ordinary  type. 

The  proportion  of  brush  to  stone  employed  in  constructing  the 
different  works  has  varied.  The  present  practice  is :  for  bank  revet- 
ment, about  1  to  1  ;  for  closing  dams,  1  of  rock  to  iy2  of  brush;  for 
wing  dams,  1  of  rock  to  2  of  brush.  A  number  of  dams  have  been 
constructed  with  the  ratio  of  rock  to  brush  1  to  4.  The  repairs  to 
these  dams  have  been  greater  than  to  those  containing  a  larger  per- 
centage of  rock. 

At  the  close  of  the  calendar  year  1905,  there  had  been  built  231.6 
miles  of  dams  and  188.6  miles  of  shore  protection.  The  dams  con- 
tained 3,630,234  cubic  yards  rock  and  5,310,742  cubic  yards  of 
brush.  The  bank  revetment  contained  1,725,685  cubic  yards  of  rock 
and  1,549,525  cubic  yards  of  brush,  an  average  of  1.73  cubic  yards 
of -rock  to  1.55  of  brush  per  linear  foot.  During  the  fiscal  year  end- 
ing June  30,  1906,  182,735  cubic  yards  of  rock  and  275,825  cubic 
yards  of  brush  were  expended  on  wing  dams  and  revetments. 

Due  to  the  limited  appropriations  by  Congress  and  the  irregularity 
with  which  they  have  been  made,  the  systematic  method  of  improve- 
ment adopted  on  many  foreign  rivers  could  not  be  applied  to  the 
Upper  Mississippi.  It  has  been  necessary  to  distribute  the  funds 
available  over  the  entire  district,  first  improving  those  bars  having 
the  least  depth  of  water  on  them,  and  when  these  have  disappeared, 
regulating  the  next  shoalest  bars.  This  process  has  been  continued 
until  at  the  present  time  bars  restricting  the  channel  to  depths  of 
less  than  3^  feet  are  seldom  found. 

When  a  partial  improvement  of  the  river  is  attempted,  and  the  chan- 
nel contracted  over  a  single  bar,  there  is  usually  a  large  movement 
of  sand,  which  has  a  tendency  to  be  deposited  in  the  first  wide  por- 
tion of  the  river  below,  and  which  may  form  an  obstruction  as  seri- 
ous to  navigation  as  the  bar  removed.  This  has  been  particularly 
true  of  the  shoal  river  between  St.  Paul  and  Prescott,  where  it  has 
been  necessary  to  contract  the  river  to  a  uniform  width  of  400  feet 
for  the  entire  distance. 

Plate  IV  is  a  map  (in  two  sheets)  of  the  river  from  the  Robert 
Street  bridge  at  St.  Paul  to  Prescott  (27.9  miles),  with  profiles  of 
thalweg  depths  derived  from  surveys  in  1879  and  1901,  when  the 
work  was  completed.    The  theoretical  least  depths  on  bars,  measured 
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from  the  low  water  of  1864,  has  increased  from  1.0  foot  to  4.3  feet. 
J.  he  depth  of  4.3  feet  occurs  on  a  bar  in  the  vicinity  of  Grey  Cloud 
(Mile  20),  where  the  bed  of  the  river  is  composed  of  gravel  and 
bowlders,  which  the  river  currents  have  not  sufficient  force  to  readily 
scour  and  which  may  require  removal  by  a  dredge  when  the  remain- 
der of  the  river  is  sufficiently  improved  to  justify  it.  On  all  other 
bars,  low  water  depths  exceedingly  4^  feet  have  been  obtained.  The 
work  cost  $671,798,  or  $22,293  per  mile. 

From  Prescott  to  Lake  Pepin  (26  miles),  the  river  has  been  im- 
proved in  a  similar  martner,  and  the  least  depth  on  bars  at  low  water 
has  been  increased  from  1.8  foot  to  4.7  feet.  Due  to  the  gentle  slope 
and  the  resultant  gentle  current  on  this  portion  of  the  river,  a  uni- 
form contraction  of  the  channel  to  the  width  of  600  feet  prescribed 
by  the  original  project  has  not  as  yet  become  necessary.  The  cost  of 
the  improvement  has  been  $338,220,  or  about  $13,008  per  mile. 

The  river  empties  into  Lake  Pepin  through  a  delta  formation 
(shown  on  Plate  V),  which  may  be  compared  to  that  at  its  mouth, 
and  a  bar  is  found  in  the  lake  similar  to  that  existing  in  the  Gulf  of 
Mexico.  In  1888  this  bar  shoaled  to  such  an  extent  as  to  cause  Lake 
Pepin  to  become  temporarily  the  head  of  navigation.  The  project 
for  improvement  contemp1ates  the  closure  of  all  side  channels  from 
the  main  river  and  the  extension  of  the  river  channel  across  the  bar 
to  deep  water  in  the  lake  by  means  of  longitudinal  dikes  or  jetties. 
Many  of  the  side  channels  have  been  closed,  and  there  has  resulted 
therefrom  such  a  deepening  of  the  bar  that  the  contraction  of  the 
channel  across  it  has  not  as  yet  been  necessary. 

As  above  St.  Paul  navigation  is  impeded  by  the  Falls  of  St.  An- 
thony and  the  rapids  below  them,  and  the  river  empties  into  Lake 
Pepin  a  practically  level  body  of  water,  the  portion  of  the  Missis- 
sippi river  between  St.  Paul  and  Lake  Pepin  may  be  considered  as 
an  independent  stream  whose  improvement  has  been  completed  in 
accordance  with  the  original  project.  Attention  is  invited  to  the  fact 
that  this  improvement  has  been  accomplished  without' that  danger- 
ous disturbance  of  the  original  slopes  of  the  river,  which  has  been 
observed  in  attempts  to  regulate  numerous  European  streams. 

Below  Lake  Pepin  while  there  are  long  stretches  of  channel  that 
have  been  similarly  improved,  there  are  interspersed  portions  of  the 
river  where  no  work  has  been  done.  In  those  portions  of  the  river 
where  the  channel  has  been  contracted  as  satisfactory  results  have 
been  obtained  as  ^  the  river  above,  but  in  the  unimproved  portions 
new  bars  have  frequently  formed,  or  the  original  bars  shoaled,  so 
that  the  practical  results  of  the  expenditures  thus  far  made  have 
increased  the  navigable  depth  of  the  650  miles  of  river  under  im- 
provement from  1^2  feet  at  extreme  low  water  to  3  feet. 

The  cost  of  the  work  in  the  river,  divided  into  sections,  is  shown 
in  Table  V. 

The  only  marked  exception  to  the  methods  of  work  is  on  the  sec- 
tion of  the  river  above  Alton,  shown  on  Plate  VI,  where  longitudi- 
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nal  dikes  have  been  constructed  similar  to  those  on  the  Rhone  river, 
described  by  M.  H.  Girardon  in  a  paper  on  the  Regulation  of  Rivers 
at  Low  Water,  read  before  the  Vieme  Congres  International  de 
Navgation  Interieure  La  Haye,  1894.  These  dikes  are  given  an  ele- 
vation of  three  feet  above  low  water  at  their  centers,  which  elevation 
gradually  diminishes  to  low  water  at  their  ends.  They  are  connected 
by  wing  dams  that  have  the  same  elevation  at  their  outer  ends  as  the 
dike  has  at  the  point  of  junction  and  gradually  increase  to  an  eleva- 
tion of  five  feet  above  low  water  at  the  bank. 

The  extent  of  the  improvement  is  indicated  by  the  profiles.  These 
longitudinal  dikes  were  completed  in  1897,  and  have  since  received 
only  minor  repairs.  The  last  survey  of  this  section  of  the  river  was 
in  1901,  and  it  is  probable  they  had  not  then  produced  their  full 
effect.  The  chief  objection  to  their  employment  is  their  cost.  If  the 
channel  can  be  forced  against  the  river  bank,  the  bank  can  be  re- 
vetted cheaper  than  an  artificial  bank  can  be  constructed  in  mid- 
stream. The  wing  dams  are  essential  to  either  method.  It  is  to  be 
also  noted  that  the  channel  of  the  river,  instead  of  impinging  on  the 
longitudinal  dike  at  Dresser  Island  (Miles  646-647),  follows  the 
opposite  shore,  and  the  dike  exerts  no  influence  upon  it,  the  con- 
necting wing  dams  having  produced  the  necessary  contraction.  The 
longitudinal  dikes  must  conform  to  a  certain  curvature  of  the  river 
to  produce  their  maximum  results.  As  this  curvature  varies  with 
the  slope,  discharge,  width  of  channel  and  character  of  bed,  'it  can 
not  always  be  determined  with  accuracy.  The  location  of  the  chan- 
nel can  be  rectified  with  the  abandonment  of  less  work  with  wing 
dams  than  with  longitudinal  dikes.  The  river  has  sufficient  energy 
to  maintain  a  channel  of  greater  depth  than  ^l/2  feet  required  by  the 
project,  and  the  result  desired  can  be  obtained  by  the  wing  dams 
without  recourse  to  the  connecting  longitudinal  dikes  whose  con- 
struction in  general  can  be  deferred  until  a  further  development  of 
the  channel  is  desired.  There  are,  however,  special  cases  where  the 
employment  of  longitudinal  dikes  is  economical. 

On  Plate  VII  is  shown  the  effect  of  the  closure  of  side  chutes 
upon  "the  main  channel  of  the  river.  In  the  vicinity  of  Canton  the 
bed  of  the  river  is  composed  of  gravel,  bowlders,  and  other  glacial 
drift,  on  which  is  superposed  sand  bars  brought  down  by  river 
floods.  Canton  and  Smoots  chutes  were  closed  by  closing-dams  in 
1879;  the  area  of  cross  section  below  low  water  of  Canton  Chute 
at  the  location  of  the  dam  was,  in  1878,  4,566  Iquare  feet.  Com- 
parative cross  sections  of  the  river,  from  surveys  of  1878  and  1898, 
taken  at  random,  are  shown  on  the  drawings. 

On  other  stretches  of  the  river,  where  similar  contraction  of  the 
low  water  channel  has  been  attempted,  but  where  the  soil  of  the  bed 
is  composed  of  sand  instead  of  glacial  drift,  it  has  been  necessary  to 
revet  the  banks  extensively,  so  as  to  prevent  any  further  widening 
of  the  river. 
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TABLE  V. 

Net    Expenditures    on    Various    Sections    of    the    River,    Harbor,    Levees,    etc.,    Between 

Minneapolis    and    the    Missouri    River,    from    Commencement    of 

Improvement  to  June  30,  1906. 

LOCALITY  Dist?"?e 

Miles  Amount  Per  mile 

St.    Paul    to    Minneapolis $        59,113.40  $ 

St.    Paul    to    Prescott 30  671,798.35  22,393 

Prescott    to    Lake    Pepin 26  338,219.92  13,008 

Foot  of  Lake  Pepin   to   Alma 11  467,503.77  42,500 

Alma  to  Winona   Bridge    (Chicago   and  Northwestern)      28  790,102.75  28,218 
Winona    Bridge    to    La    Crosse    Bridge    (Chicago,    Mil- 
waukee   and    St.    Paul) 28  805,780.58  28,778 

La  Crosse  Bridge  to  McGregor   Bridge 64  667,672.80  10,437 

McGregor    Bridge    to    Dubuque    Bridge    (Illinois    Cen- 
tral)            57  489,795.68  8,242 

Dubuque     Bridge     to     Clinton     Bridge     (Chicago     and 

Northwestern)       62  451,810.48  8,900 

Clinton   Bridge  to  Le  Claire 21  39,830.24  1,897 

Rock    Island     Rapids 14  669,994.94  

Rock    Island    Bridge   to   Keithsburg   Bridge 55  377,859.20  6,870 

Keithsburg    Bridge    to    Nashville 59  934,077.95  15,832 

Keokuk  Bridge   to   Quincy   Bridge 37  604,700.18  16,343 

Quincy    Bridge   to    Clarksvrille 56             1,086,951.96  19,410 

Clarksville   to    Cap    au    Gris 37  915,199.56  24,735 

Cap  au  Gris  to   Illinois  River 24  441,582.26  18,399 

Illinois   River  to   Missouri   River 23  440,659.58  14,800 

Total     $10,252,653.66  


THE  DES   MOINES   RAPIDS   CANAL. 

The  Des  Moines  Rapids  extend  from  below  Montrose,  Iowa 
(Mile  472),  to  Keokuk,  Iowa,  61,550  feet,  measured  by  the  steam- 
boat channel,  and  60,334  feet,  or  11.4  miles,  measured  between 
gauges.     The  total  fall  at  low  water  is  22.65  feet- 

The  first  project  for  the  improvement  of  the  Des  Moines  Rapids 
was  submitted  by  Lieut.  R.  E.  Lee,  Corps  of  Engineers,  U.  S.  Army, 
in  1837,  and  contemplated  the  improvement  of  the  natural  channel 
by  the  excavating  of  rock.  Prior  to  the  Civil  War,  about  $350,000 
had  been  expended  on  this  project,  and,  as  nearly  as  can  be  ascer- 
tained, about  25,000  cubic  yards  of  rock  excavated. 

In  1867,  a  Board  of  Engineers  was  convened  tp  further  consider 
the  subject,  which  recommended  the  improvement  of  the  Rapids  by 
the  construction  of  a  canal  from  Keokuk,  Iowa,  to  Nashville,  Iowa, 
7.6  miles ;  the  upper  3.4  miles  of  the  rapids  to  be  improved  by  exca- 
vating a  channel  200  feet  wide  and  5  feet  below  the  low  water  of 
1864,  at  an  estimated  cost  of  $2,530,000.  Work  was  begun  October 
8,  1867,  and  the  canal  opened  for  navigation  August  22,  1877. 

The  canal  is  7.6  miles  in  length  and  extends  along  the  Iowa  shore 
from  Keokuk  to  Nashville.  The  width  proper  is  300  feet  in  embank- 
ment and  250  feet  in  excavation,  but  owing  to  the  irregularity  of  the 
shore,  it  stretches  out  in  places  to  a  width  of  500  to  600  feet.  The 
maximum  depth  is  8  feet,  and  the  minimu  mdepth  5  feet.  The  fall 
at  low  water  is  18.75  feet- 

The  embankment  inclosing  the  canal  varies  from  60  to  90  feet  in 
width  at  bottom;  it  has  a  slope  of  il/2  horizontal  to  1  perpendicular, 
and  is  from  16  to  2y  feet  in  height.     It  contains  in  the  aggregate 
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884,325  cubic  yards  of  earth  and  is  protected  on  both  sides  by  a  rip 
rap  wall  containing  111,667  cubic  yards  of  rock.  It  is  10  feet  wide 
on  top,  with  a  macadam  covering  of  2  feet  in  thickness. 

There  have  been  excavated  from  the  prism  of  the  canal  406,653 
cubic  yards  rock  and  857,775  cubic  yards  earth.  In  addition  there 
have  been  excavated  from  the  channel  of  the  river  97,500  cubic 
yards  rock ;  this  includes  the  excavation  of  the  chains  at  Montrose 
and  Nashville,  the  channel  intervening  (3.4  miles),  and  the  ap- 
proaches to  the  Guard  Lock  and  Lower  Lock. 

There  are  two  lift  locks  and  one  guard  lock,  also  used  as  a  lift 
lock  at  high  stages,  each  having  a  lock  chamber  350  feet  long  and 
80  feet  wide  at  top,  with  a  batter  to  the  walls  of  y2  inch  to  the  foot. 
The  Lower  Lock  is  located  at  Keokuk,  the  Middle  Lock  2^2  miles 
above,  and  the  Guard  Lock  at  the  head  of  the  canal,  7.6  miles  above 
the  Lower  Lock.  The  lift  of  the  Lower  Lock  at  low  water  is  11.09 
feet,  of  the  Middle  Lock  is  8  feet,  and  of  the  Guard  Lock  9  feet,  at 
extreme  high  water.  The  lower  lock  contains  about  14,000  cubic 
yards  of  stone,  and  the  middle  and  guard  locks  about  8,000  each. 
The  details  of  lock  construction  are  shown  on  Plate  IX. 

The  locks  are  filled  by  means  of  culverts  back  of  the  lock  walls, 
one  on  either  side,  with  lateral  openings  into  the  lock,  8  in  number. 
These  culverts  are  8  feet  wide  and  7  feet  high  at  the  upper  end, 
diminishing  to  3  feet  3  inches  by  4  feet  at  the  lower  end,  and  the 
openings  into  the  locks  are  3  feet  by  3  feet  10  inches.  The  water  is 
admitted  to  these  culverts  by  means  of  sliding  culvert  gates,  3  feet 
by  5  feet  10  inches,  four  on  each  side.  There  are  also  wickets, 
operated  by  hand,  in  the  upper  gates,  by  which  the  locks  may  be 
filled  through  the  gates  themselves.  The  lock  is  emptied  by  similar 
culverts  and  wickets  at  its  lower  end. 

The  lock  gates  are  of  wood,  planked  originally  on  their  upper 
face.  The  lower  gates  of  the  lower  lock,  which  are  the  heaviest  on 
the  improvement,  weigh  110,000  pounds  each.  The  gates  close  on 
miter  sills  and  are  suspended  by  means  of  heavy  iron  rods  attached 
by  swivels  fastened  to  the  top  of  large  iron  columns. 

The  culvert  and  lock  gates  are  operated  by  hydraulic  machinery 
designed  by  Major  (now  General)  Amos  Stickney,  Corps  of  Engi- 
neers, who  was  in  local  charge  during  construction.  In  a  well  be- 
hind the  recess  of  each  lock  gate  is  placed  two  vertical  hydraulic 
cylinders :  one  for  operating  the  lock  gate,  the  other  for  operating 
the  culvert  gates  within  the  recess.  The  pistons  have  a  stroke 
slightly  exceeding  6  feet.  The  culvert  gates  are  provided  with 
wrought  iron  stems  extending  about  16  feet  above  the  gates.  To  the 
top  of  each  stem  is  attached  a  wire  rope  which  passes  under  a  pulley 
on  the  lock  wall  over  the  entrance  to  the  culvert,  thence  under  a 
pulley  near  the  hydraulic  cylinder  for  maneuvering  the  culvert  gates, 
and  is  connected  to  the  upper  end  of  its  piston  rod.  A  chain  also 
passes  over  these  pulleys  and  is  attached  to  both  the  piston  rod  and 
to  the  gate  stem  at  a  distance  of  about  9  feet  below  the  top.   When 
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water  is  introduced  at  the  upper  end  of  the  hydraulic  cylinder  the 
piston  and  rod  descend,  a  pull  is  produced  on  the  chains,  the  wire 
ropes  play  out,  and  the  gates  rise.  Reversing  the  pressure  causes  a 
strain  on  the  wire  ropes,  while  the  chains  are  loose,  and  the  gates  are 
lowered. 

The  maneuvering  of  the  lock  gates  is  similarly  accomplished.  In 
the  original  plans,  one  chain  was  attached  to  the  side  of  the  lock  at 
a  distance  of  about  33  feet  from  the  quoins,  and  another  to  the  miter 
sill  at  the  same  distance  ;  these  chains  passed  to  sheaves  under  the 
gates  at  the  same  distance  from  their  heel  posts ;  thence  vertically 
upward  over  sheaves  on  top  of  the  gates ;  thence  along  the  axes  of 
the  gates  to  the  heel  posts  by  a  ^2 -inch  wire  rope,  and  thence  over 
multiplying  sheaves  to  the  piston  rods ;  but  as  the  length  of  the  piston 
stroke  is  only  6  feet,  multiplying  sheaves  are  used  to  increase  the 
pull  of  the  piston  stroke.  The  sheaves  multiply  the  piston  stroke  by 
7.  As  the  chain  pulling  across  the  chord  of  the  arc  whose  radius  is 
33  feet  wou!d  introduce  a  troublesome  slack  in  the  chain  at  most 
places,  an  angle  iron  segment  is  provided,  around  which  the  chains 
pass  and  which  keeps  them  (between  the  wall  and  bottom  of  gate) 
always  in  a  curve  of  33  feet  radius,  thus  obviating  slack. 

For  the  lower  gates  this  system  did  not  work  satisfactorily.  The 
chains,  constantly  fouled  by  the  drift  traveling  along  the  bottom  of 
the  lock,  would  not  run  readily  through  the  sheaves.  Mr.  M.  Meigs, 
U.  S.  Civil  Engineer,  proposed  the  spar  shown  in  the  drawings,  in 
broken  lines,  and  which  is  applied  to  the  lower  gates  at  all  locks.  This 
spar  is  an  I-beam,  one  end  of  which  is  attached  to  a  pin  on  the  gate, 
and  the  other  end  runs  on  a  track  on  the  lock  wall.  The  wire  ropes 
are  connected  to  the  opposite  ends  of  this  spar  and  are  attached  to 
the  same  multiplying  sheaves  as  in  the  old  apparatus,  and  as  the 
hydraulic  piston  ascends  or  descends,  the  gates  are,  by  the  spar, 
opened  or  closed. 

Connecting  with  the  ends  of  each  hydraulic  cylinder  are  two  2- 
inch  pipes,  whick  extend  to  the  engine  house.  The  engine  house  is 
a  stone  structure  27  feet  4  inches  square,  and  contains  a  pump  (oper- 
ated by  an  engine  of  25  to  30  horse  power),  the  necessary  boilers, 
and  a  valve  for  controlling  the  flow  of  water  to  the  hydraulic  cylin- 
ders used  in  operating  the  lock  gates  and  culvert  gates.  Under- 
neath the  house  is  a  cistern  8  feet  in  diameter,  for  storing  water.  A 
6-inch  pipe  extends  from  the  cistern  to  the  pump  and  a  3-inch  pipe 
from  the  pump  to  the  controlling  valve.  One  controlling  or  distrib- 
uting valve  controls  the  flow  of  water  to  all  the  hydraulic  cylinders 
that  operate  the  gates,  which  is  so  arranged  that  when  the  valve  is 
set  to  move  a  gate,  the  course  of  the  water  is  from  the  cistern  through 
the  pump  to  the  chest  of  the  controlling  valve,  thence  through  a  com- 
partment to  the  pipe  leading  to  one  of  the  hydraulic  cylinders,  the 
water  on  the  other  side  of  the  piston  is  forced  back  to  a  second  tube 
in  the  compartment,  thence  under  a  sliding  D  valve  to  the  tube  con- 
necting with  the  cistern.     By  means  of  this  device  a  single  operator 
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can  handle  the  massive  gates  and  wickets  with  ease  and  precision. 
The  time  required  for  opening  or  closing  a  pair  of  gates  is  about  one 
minute ;  for  filling  or  emptying  the  lock  about  three  minutes. 

The  faults  of  this  system  are :  The  vertical  position  of  the  hy- 
draulic cylinders  in  the  wells  requires  them  to  be  submerged,  either 
wholly  or  partially,  when  the  canal  is  full,  making  repairs  and  atten- 
tion difficult.  The  scheme  of  chains  under  water,  passing  over  sub- 
merged sheaves  in  the  bottom  of  the  gates,  is  bad.  The  chain  fouls 
drift,  trailing  ropes,  etc.,  and  in  case  of  breakage  or  wearing  out 
cannot  be  repaired  without  draining  the  canal.  The  space  is  too  con- 
fined under  the  gate  for  a  diver  to  be  able  to  do  effective  work.  The 
29  years  in  which  these  locks  have  been  operated  emphasize  the  fact 
that  all  lock  machinery  should  be  kept  above  water  if  possible,  or,  if 
that  is  not  possible,  should  be  contrived  so  that  it  can  be  hoisted  out 
for  repairs  with  the  least  possible  difficulty  and  without  having  to 
drain  the  canal.  Under  water  machinery  cannot  be  lubricated  nor 
be  given  proper  inspection  and  care.  The  culvert  gates  work  well 
and  the  spars  for  operating  the  main  gates  give  good  satisfaction, 
as  all  parts  are  above  water  and  readily  accessible.  Theoretically: 
the  application  of  the  power  to  the  top  of  the  gate  is  bad,  but  in  prac- 
tice it  does  not  twist  the  gate  in  any  injurious  manner,  and  its  ad- 
vantages greatly  outweigh  any  theoretical  defects. 

In  order  to  control  the  surplus  water  carried  into  the  canal  by 
numerous  streams  entering  therein  during  their  frequent  floods,  it 
became  necessary  to  build  sluices  around  the  locks.  These  were  not 
included  in  the  original  plans,  and  have  materially  increased  the 
cost  of  the  work.  The  dimensions  of  these  sluices  are  as  follows: 
At  the  lower  lock,  18  feet  high,  16  feet  2  inches  wide  at  the  bottom, 
and  25  feet  1%  inches  at  the  top.  At  the  middle  lock,  15  feet  high, 
17  feet  7^4  inches  wide  at  bottom  and  25  feet  i}4  inches  on  top.  At 
the  guard  lock  the  sluice  used  as  a  feeder  is  in  the  outside  embank- 
ment just  below  the  lock.  It  is  19  feet  high  and  38  feet  wide.  All 
the  sluices  have  six  openings,  3  by  6  feet,  with  gates  at  the  head,  the 
lower  ends  being  open. 

The  work  on  the  canal  was  delayed  by  inadequate  appropriations, 
and  heavy  losses  were  sustained  on  account  of  high  water,  overflows 
and  natural  waste.  It  was  opened  for  navigation  in  1877,  but  work 
on  the  original  project  continued  to  1880,  at  which  date  it  had  cost 
$4,155,000,  divided  as  follows: 

Lower  Lock  and  sluice , $725,000.00 

Middle  Lock  and  sluice 470,000.00 

Guard  Lock  and  sluice 360,000.00 

Excavation   and   embankment 1,900,000.00 

Channel  from  Nashville  to  Montrose  and  upper   and 

lower  entrances  to  canal 475,000.00 

Right  of  way,  engineering  expenses,  etc 225,000.00 

$4,155,000.00 

February,  1909 


44  Townsend — Upper  Mississippi  River 

After  the  canal  was  in  operation,  several  modifications  of  the  orig- 
inal plans  were  found  advisable.  At  both  the  upper  and  middle  locks 
the  lock  walls  were  raised  four  feet,  to  prevent  steamboats'  guards 
from  overriding  the  walls  when  the  lock  was  full,  and  from  catching 
on  the  wall  as  the  lock  was  being  emptied.  A  boom  was  built  con- 
necting the  lower  lock  with  the  pivot  pier  of  the  Keokuk  &  Hamilton 
Railroad  bridge  800  feet  below,  to  facilitate  entrance  into  the  canal. 
Four  cribs  were  constructed  above  the  guard  lock,  supporting  a 
floating  boom,  to  aid  boats  entering  that  lock.  A  number  of  piers 
were  built  to  mark  the  channel  between  the  guard  lock  and  Mon- 
trose, and  this  channel  was  widened  at  bends.  An  office  building, 
machine  shop  and  store  houses  were  also  erected,  and  a  dry  dock 
built. 

While  the  sluices  around  the  locks  discharge  the  waters  of  two 
large  creeks  and  several  small  ones  that  empty  into  the  canal,  it  was 
found  that  large  quantities  of  sediment  were  deposited  from  them, 
which  had  to  be  removed  by  dredging.  To  reduce  this  dredging  to 
a  minimum,  sluices  were  placed  in  the  river  bank  of  the  canal  appo- 
site the  two  larger  streams,  which  could  be  opened  when  the  streams 
were  in  flood  and  the  river  was  low,  by  which  means  much  of  the 
sediment  was  discharged  in  the  river.  The  sluice  at  Sandusky  has 
five  openings,  4  feet  by  5  feet,  fitted  with  vertical  balanced  gates, 
which  are  operated  at  the  top  of  the  wall  by  gearing  and  a  small 
hand  capstan.  The  cost  was  $11,851.33.  The  discharge  from 
Price's  Creek  is  controlled  by  a  sluice  with  four  openings,  which 
was  built  in  connection  with  the  dry  dock. 

To  June  30,  1882,  there  had  been  appropriated  for  the  canal,  $4,- 
574,950,  which  includes  not  only  the  cost  of  construction  but  also 
that  of  maintenance  and  repairs  from  1877  to  1882. 

Repairs  and  Maintenance.  A  few  days  after  the  canal  was  opened 
for  navigation  the  miter  sills  of  the  lower  and  middle  locks  were 
lifted  from  their  position  by  the  water  pressure  beneath  them.  This 
disaster  was  caused  by  faulty  work  of  construction.  Both  locks 
were  built  by  contract,  and  after  the  accident  it  was  found  that  the 
holding-down  bolts  provided  in  the  plans  had  not  been  properly  put 
in.  In  some  cases  dummies  had  been  used,  and  in  others  the  lead 
which  was  supposed  to  fill  the  holes  in  which  they  had  been  inserted 
merely  formed  a  collar  near  the  surface  of  the  stone  and  the  bolt 
was  consequently  loose  in  the  hole  the  greater  part  of  its  length.  The 
canal  was  drained,  1%.  -inch  screw  bolts  put  down  through  the 
miter  sills,  and  sulphur  used  for  fastening  the  bolts.  While  this  has 
been  effective  in  holding  the  miter  sills  in  position,  the  bond  of  the 
stone  having  been  broken  by  the  accident,  there  is  still  some  leakage 
through  the  joints  of  the  masonry,  though  not  enough  to  impair  the 
efficiency  of  the  lock. 

The  stone  of  which  the  masonry  of  the  canal  is  constructed  is  a 
magnesian  limestone,  which  occurs  on  both  sides  of  the  river  in  this 
vicinity.     This  stone  varies  in  quality,  and  while  the  same  class  of 
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material  was  supposed  to  have  been  placed  in  the  locks — much  of  the 
stone  coming  from  the  same  quarry — a  marked  difference  is  now 
evident.  In  the  chamber  of  the  guard  lock,  which  was  built  by  day 
labor,  only  two  or  three  stones  have  disintegrated  to  such  an  extent 
as  to  require  replacing;  while  in  the  lower  and  middle  locks,  which 
were  built  by  contract,  the  deterioration  has  been  much  more  exten- 
sive. A  similar  disintegration  has  also  occurred  in  the  pier  of  the 
guard  lock  at  the  low  water  line.  A  much  greater  seepage  is  observed 
through  the  walls  of  the  locks  built  by  contract  than  through  those 
of  the  guard  lock,  and  while  it  is  possible  that  greater  care  was 
exercised  in  selecting  the  stone  for  the  work  done  by  day  labor  than 
for  that  done  by  contract,  it  is  believed  that  the  principal  cause  of 
the  disintegration  arises  from  loose  joints  in  the  masonry,  which  re- 
tain sufficient  water  to  keep  the  stone  wet  until  it  is  acted  on  by 
freezing  weather. 

In  the  chamber  of  the  guard  lock  the  portions  of  stone  found 
defective  were  cut  out  and  new  stone  inserted.  In  making  repairs 
to  the  pier  head  of  the  guard  lock  and  the  masonry  of  the  middle 
and  lower  locks,  a  rich  Portland  cement  concrete  was  used,  com- 
posed of  two  parts  of  sand  to  one  of  cement.  The  bad  stone  was 
scabbled  out  to  a  depth  of  from  four  to  six  inches.  To  provide  a 
form  to  hold  the  concrete  in  place,  two  or  more  holes  were  drilled 
about  four  inches  deep  in  the  face  of  the  cavity  to  be  rilled,  and  a 
plug  driven  in  having  a  central  ^5-inch  hole.  Old  broom  handles 
sawed  to  4-inch  lengths  were  used  for  these  plugs.  Five-eighth 
inch  iron  bolts,  of  various  lengths,  with  a  taper  thread  cut  on  one 
end  and  an  ordinary  thread  and  nut  at  the  other  end,  were  screwed 
into  these  plugs.  The  taper  part  of  the  bolt  was  inserted  in  the 
plug,  and  when  screwed  home  would  expand  the  plug  and  prevent 
the  bolt  from  being  pulled  out.  The  molds  were  short  pieces  of  two 
inch  plank  driven  over  the  bolts  and  held  in  place  by  the  nuts.  It 
was  found  necessary  to  wrap  the  screw  bolt  with  paper  where  the 
concrete  surrounded  it ;  otherwise  it  would  be  impossible  to  with- 
draw the  bolt  when  the  cement  had  set. 

Repairs  to  Lock  Gates.  The  life  of  the  lock  gates,  which  were 
originally  constructed  of  oak,  appears  to  be  dependent  upon  their 
exposure  to  atmospheric  influences.  In  1891  it  was  necessary  to 
rebuild  the  guard  lock  gates,  which  remain  open  during  low  water 
and  are  fully  immersed  only  at  extreme  flood  stages.  They  were 
again  renewed  in  1905.  In  1893-4  the  gates  of  the  middle  lock  were 
reconstructed,  and  in  1901  those  of  the  lower  lock,  which  are  the 
least  exposed,  being  protected  to  a  greater  or  less  extent  by  back 
water  from  the  river  except  at  extreme  low  stages.  The  bottom  tim- 
bers to  a  height  of  six  feet  above  the  miter  sills  of  the  guard  lock 
and  the  bottom  timbers  of  the  lower  gates  of  the  middle  and  lower 
locks,  being  immersed  except  when  the  canal  is  drained,  were  found 
to  be  in  good  condition.  In  the  upper  gates  of  the  lower  and  middle 
locks  the  two  lower  tiers  of  timbers  did  not  require  to  be  rebuilt. 
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In  making  repairs  to  the  gates  and  masonry  of  the  lower  lock,  it 
was  necessary  to  drain  the  lock  chamber.  As  the  lock  foundation  is 
rock,  the  usual  pile  cofferdam  could  not  readily  be  employed  to  keep 
out  the  river  water,  and  the  canvas  bulkhead  invented  by  Mr.  M. 
Meigs,  U.  S.  Civil  Engineer,  and  described  in  the  Transactions  of 
the  American  Society  of  Civil  Engineers,  Vol.  XXXI,  page  524,  was 
used.  This  bulkhead  (Plate  XIV)  consists  of  a  timber  frame  of 
triangular  cross  section,  having  a  length  equal  to  the  width  of  the 
lock  entrance.  It  was  sunk  in  position  by  being  loaded  with  railroad 
iron  and  made  water  tight  by  covering  it  with  a  sheet  of  12-ounce 
canvas  extending  several  feet  beyond  the  toe.  When  the  lock  cham- 
ber was  pumped  out,  the  flow  through  or  under  the  bulkhead  was 
insignificant.  As  soon  as  the  work  was  completed,  the  railroad  iron 
was  removed  from  the  bulkhead,  which  then  floated  to  the  surface 
and  was  readily  removed  and  broken  up,  the  timber  used  in  its  con- 
struction being  available  for  other  purposes. 

Repairs  to  Machinery.  Since  the  opening  of  the  canal  two  of  the 
hydraulic  cylinders  have  been  burst  by  frost  and  had  to  be  replaced. 
This  was  due  to  water  being  left  in  them  when  the  plant  was  laid  up 
for  the  winter.  By  putting  in  special  light  valves  on  the  suction  side 
of  the  pumps,  the  hydraulic  pumps  are  now  used  as  air  pumps  and 
sufficient  pressure  obtained  to  drain  the  cylinders  dry  and  blow  most 
of  the  water  out  of  the  pipes,  thus  reducing  the  danger  of  freezing 
to  a  minimum. 

Repairs  have  been  required  to  the  pipes  conveying  the  hydraulic 
pressure.  These  pipes  became  pitted,  especially  close  to  the  brass 
shut-off,  and  drain  valves  in  the  angle  between  the  lock  wall  and 
breast  wall,  apparently  due  to  galvanic  action,  the  iron  rusting  away 
and  the  brass  remaining  intact.  Many  leaks  have  occurred  in  the 
pipes  behind  the  lock  walls.  These  leaks  are  ordinary  corrosive 
punctures  or  pits,  and  have  been  repaired  by  uncovering  the  pipe 
and  applying  a  patch  of  gum  covered  canvas  held  in  place  by  an 
iron  clamp.  The  set  of  pipes  crossing  the  canal  below  the  guard 
lock  were  renewed  in  November,  1896,  canvas  bulkheads  being  em- 
ployed to  keep  the  water  out  while  the  repairs  were  being  made. 

The  wire  ropes  used  for  manipulating  the  gates  last  about  six 
years.  The  sheaves  in  the  multiplying  apparatus  were  badly  worn 
by  1882;  they  were  taken  out  and  bushed  with  bronze,  and  have 
given  no  trouble  since  then.  The  gate  chains  of  J^-inch  iron  last 
five  or  six  years  under  water  and  much  longer  in  the  air.  The  cul- 
vert chains,  which  are  subjected  to  a  heavy  pull,  required  no  repairs 
until  1901,  when  lengths  five  or  six  feet  had  to  be  replaced  at  the 
lower  and  midde  locks.  At  the  guard  lock,  where  the  cuverts  are 
comparativey  little  used,  the  chains  are  still  good. 

Repairs  to  Embankment.  The  high  water  of  t88i  very  nearly 
went  over  the  canal  embankment  at  several  localities,  due  to  a  set- 
tlement of  the  material  of  which  it  is  compoesd,  and  considerable 
work  was  required  to  bring  it  back  to  the  prescribed  grade.    During 
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the  flood  of  1888  a  section  about  50  feet  in  length  in  the  upper  level 
sloughed  and  began  flowing  into  the  canal.  A  break  was  prevented 
by  throwing  a  couple  of  barges  of  stone  into  the  gap  and  covering 
the  stone  with  earth.  A  few  minor  leaks  in  the  embankment  have 
also  been  observed  from  time  to  time,  which  have  been  repaired  dur- 
ing th  summer  months  when  both  the  river  and  canal  were  low. 

In  1882  several  leaks  were  noticed  under  the  embankment  near 
the  site  of  the  dry  dock,  above  the  middle  lock.  These  kept  on  in- 
erasing  until  in  1884  an  attempt  was  made  to  stop  them.  During 
the  winter,  when  the  water  was  drawn  off  from  the  canal,  the  outer 
half  of  the  embankment  was  dug  away  for  a  distance  of  500  feet, 
and  a  trench  cut  in  the  alluvium  that  underles  the  embankment. 
Selected  earth  was  carefully  rammed  into  this  ditch  and  the  embank- 
ment rebuilt.  In  1892,  after  the  dry  dock  had  been  built,  sufficient 
seepage  was  observed  through  this  foundation  to  fill  and  gorge  a  6- 
inch  drain,  provided  for  carrying  off  any  seepage  that  might  occur, 
under  the  dry  dock  floor.  A  row  of  3-inch  sheet  piling  with  tongue 
and  groove  was  then  driven  through  the  embankment  to  bed  rock 
where  possible.  No  further  trouble  was  expereinced.  A  similar 
leak  occurred  in  1894  above  the  lower  lock,  which  was  also  stopped 
by  driving  sheet  piling. 

Owing  to  the  inferior  quality  of  the  stone,  the  slope  wall  lining  on 
the  canal  side  of  the  embankment  has  in  many  cases  disintegrated. 
In  1 901  the  gaps  thus  caused  were  filled  with  rip  rap  rock. 

Dredging.  A  large  item  in  the  cost  of  maintenance  has  been  the 
periodical  dredging  required  to  remove  the  deposits  formed  in  the 
canal.  While  some  sediment  is  deposited  from  the  river  water,  the 
principal  source  of  trouble  is  material  washed  in  from  the  neighbor- 
ing hills  during  storms.  The  creek  at  Sandusky  during  severe 
storms  brings  into  the  canal  sufficient  sand  and  gravel  to  interrupt 
navigation  until  a  channel  can  be  dredged  through  the  obstruction. 
There  have  been  removed  from  the  canal  from  1878  to  June  30, 
1906,  2,181,743  cubic  yards — an  amount  in  excess  of  the  excavation 
during  construction. 

IMPROVEMENT    OF    THE    ROCK    ISLAND    RAPIDS. 

The  Rock  Island  Rapids  extend  from  the  lower  end  of  the  village 
of  Le  Claire,  Iowa  (Mile  348),  to  the  Rock  Island  bridge,  a  distance 
of  14.26  miles.  The  fall  between  the  head  and  foot  of  the  rapids  at 
low  water  is  20.7  feet;  at  the  extreme  high  water  of  1892,  15.2  feet. 
The  bed  of  the  river  through  the  rapids  consists  of  a  hard  surface 
of  limestone  rock  worn  in  many  places  into  deep  furrows  by  the  long 
continued  action  of  the  water  and  the  material  washed  along  the  bot- 
tom. There  are  also  encountered  a  number  of  large  granite  bowl- 
ders. The  rock  appears  as  reefs  or  chains  across  the  river  at  twelve 
localities,  shown  in  Plate  X.  There  existed  through  these  chains, 
prior  to  the  improvement  of  the  rapids,  a  narrow  tortuous  channel, 
which  was  navigated  with  difficulty,  not  only  on  account  of  lack  of 
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width  and  depth  but  also  by  reason  of  rapid  cross  currents  and 
sharp  turns.  Between  chains  the  channel  was  generally  wide  and 
navigable.  The  slope  is  not  so  uniformly  distributed  as  on  the  Des 
Moines  rapids,  the  channel  consisting  of  a  series  of  pools  separated 
by  chains  over  which  the  slope  is  steep. 

In  1852,  Congress  made  an  appropriation  of  $100,000  for  the  im- 
provement of  the  Rock  Island  and  the  Des  Moines  rapids.  Under 
this  appropriation  about  $15,000  was  expended  on  the  Rock  Island 
rapids,  resulting  in  the  removal  of  about  3,400  cubic  yards  of  rock 
from  Sycamore  and  Campbell  chains.  Work  was  then  suspended 
until  1866,  when  a  Board  of  Engineers  was  convened  for  the  purpose 
of  considering  and  recommending  a  plan  for  the  improvement  of  the 
rapids.  This  Board  recommended  that  the  steamboat  channel  be 
enlarged  by  excavating  to  a  minimum  width  of  200  feet  and  a  navi- 
gable depth  of  4  feet  at  the  time  of  low  water,  the  recommendation 
being  made  in  view  of  the  economical  execution  of  the  work  and 
the  existing  demands  of  commerce. 

The  Board  was  also  of  the  opinion  that  should  the  ultimate  interests 
of  commerce  demand  a  greater  depth  than  4  feet,  the  plan  of  an 
independent  canal  and  locks  without  dams  would  then  best  promote 
those  interests,  the  practicable  result  of  such  a  plan  being  beyond 
question.  The  improvement  that  had  been  proposed  by  means  of 
locks  and  dams  across  the  river  was  considered  inadvisable ;  it  would 
form  an  obstruction  permanent  throughout  the  year,  whereas  at  high 
and  ordinary  stages  no  hindrance  to  navigation  existed. 

It  was  estimated  that  to  obtain  a  channel  200  feet  wide  and  4  feet 
deep  at  low  water  would  require  the  removal  of  57,451  cubic  yards 
of  rock,  at  a  cost  of  $813,601.80. 

The  above  project  was  duly  approved  and  the  work  was  begun 
under  it  at  Duck  Creek  Chain  in  September,  1867.  The  project  was 
completed  in  1882,  at  a  cost  of  $1,166,608.50,  87,926  cubic  yards  of 
rock  having  been  removed. 

In  1888,  a  Board  of  Engineer  offiers  was  convened  to  prepare  and 
submit  a  project  for  the  further  improvement  of  Rock  Island  Rap- 
ids, either  by  widening  or  deepening  the  present  channel  through 
the  rapids  or  by  a  canal  around  the  rapids  on  the  Illinois  side  of  the 
river. 

The  Board  submitted  estimates  for  two  methods  of  further  im- 
provement: A  canal  around  the  rapids  on  the  Illinois  side  of  the 
river,  and  widening  and  deepening  the  present  channel  of  the  river 
at  the  rapids.  The  estimate  for  a  canal  in  the  bed  of  the  Mississippi 
river,  200  to  500  feet  wide  and  having  a  depth  at  low  water  increas- 
ing from  6  feet  at  the  head  to  about  12  feet  at  the  foot,  was  $3,704,- 
722.67.  To  enlarge  the  river  channel  to  400  feet  width  and  4^  feet 
depth  below  water,  the  cost  is  estimated  at  $1,258,866.  To  enlarge 
the  river  channel  to  400  feet  width  and  6  feet  in  depth  below  low 
water,  $3,491,010. 
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The  improvements  recommended  by  this  Board  were: 

1.  Guide  piers,  with  lights  and  day  beacons,  of  sufficient  strength 
to  resist  the  action  of  ice  and  of  sufficient  number  and  so  located  that 
while  being  of  no  obstruction  to  navigation  they  will  serve  as  relia- 
ble guides  to  pilots  in  making  the  passage  at  night. 

2.  To  excavate  and  remove  rock  at  various  points,  in  order  to 
widen  and  straighten  the  channel  at  crooked  portions  of  the  rapids, 
giving  longer  straight  reaches,  and  to  deepen  it  at  some  places,  as 
at  Duck  Creek  Chain.  Such  excavation  will  include  the  several 
small  patches  of  rock  lying  on  or  near  the  channel. 

3.  A  system  of  dams  is  proposed  for  slightly  raising  the  water 
surface  at  low  stages  and  equalizing  to  a  certain  extent  the  slopes 
above  and  below  Hampton,  especially  the  current  through  Campbells 
Chain,  with  a  view  of  preventing  the  deposit  of  sand  in  the  channel. 
The  estimate  of  cost : 

Rock  excavation,  33,140  cubic  yards,  at  $6 $198,840 

Dam  construction,  39,500  cubic  yards,  at  $1.50 59>25° 

24  piers,  at  $1,500 36,000 

Dredging 5,000 

Contingencies    39>9°9 


$328,999 

Work  was  begun  under  this  project  and  was  practically  completed 
in  1906,  but  with  material  modifications.  The  dams  constructed  at 
Campbells  Claim  not  only  scoured  out  the  sand  in  the  channel,  but 
also  materially  increased  the  depth  of  water  and  diminished  the 
slope  on  the  three  chains  above.  At  Duck  Creek  Chain  a  similar  set 
of  dams  was  introduced,  which  rendered  rock  excavation  unneces- 
sary in  the  channel  at  this  locality,  and  reduced  the  velocity  of  the 
current  on  the  Winnebago  Chain  above  and  to  some  extent  on  Camp- 
bells Chain.  The  slope  at  Duck  Creek  Chain  then  became  excessive 
and  was  lengthened  by  constructing  in  the  pool  below  a  series  of 
submerged  dams  extending  to  within  6  feet  of  the  low  water  sur- 
face. Prior  to  1876  the  work  was  done  by  contract;  since  that  date 
by  the  employment  of  government  plant  and  day  labor. 

The  methods  of  rock  excavation  employed  were : 

1.  By  cofferdam,  drilling  by  hand,  and  use  of  common  blasting 
powder. 

2.  By  chisel  and  dredge. 

3.  by  drillboat,  submarine  blasting  with  dynamite,  and  removal  of 
rock  by  dredge. 

1.  By  cofferdam.  The  method  of  constructing  the  dams  was  as 
follows  (Plate  X)  :  A  breakwater  was  first  constructed  about  ten 
feet  above  the  proposed  dam,  to  break  the  force  of  the  current,  and 
afford  comparatively  still  water  on  the  down  stream  side."  It  con- 
sisted of  a  series  of  cribs,  generally  about  10  feet  by  10  feet,  spaced 
about  16  feet  apart  in  the  clear,  and  sunk  by  being  filled  with  stone. 
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Strong  timbers  were  then  laid  from  one  crib  to  another,  and  a  sheath- 
ing of  plank  was  placed  along  the  connecting  timbers  with  one  end 
resting  on  the  timbers  and  spiked  to  them,  and  the  other  end  resting 
on  the  bottom,  the  plank  being  inclined  at  an  angle  of  about  45°  with 
the  water's  surface. 

Timber  work  for  an  upper  corner  of  the  dam  was  framed  and  sunk 
in  its  proper  place  with  two  pairs  of  lower  wall  timbers,  one  pair 
extending  down  stream  and  the  other  across,  attached  by  means  of 
tie  rods  to  the  frame  work,  the  timbers  of  each  pair  being  secured  to 
each  other  by  the  middle  tie  rods,  the  outer  ends  being  held  up  to  the 
surface  by  a  float.  Small  rafts  were  moved  along  on  each  side  of 
the  line  of  the  cofferdam,  to  afford  sufficient  space  for  working. 
Another  pair  of  lower  wall  timbers  (or  stringers)  was  then  fastened 
by  means  of  tie  rods  to  the  floating  ends  already  in,  and  secured  to 
one  another  as  before.  A  pair  of  upper  timbers  located  above  the 
surface  of  the  water  was  then  attached  to  the  fixed  part  of  the  dam. 
Sinking  planks  were  spiked  to  the  pair  of  lower  timbers  nearest  to 
the  fixed  part  of  the  dam  at  right  angles  to  their  length  and  project- 
ing below  them  as  much  as  was  found  by  sounding  necessary  to  keep 
the  lower  wall  timbers  as  nearly  horizontal  as  possible.  This  pair  of 
timbers  was  now  sunk  until  the  ends  of  the  sinking  plank  rested  on 
the  bottom.  The  upper  timbers  were  raised  a  few  inches  above  the 
surface  of  the  water  and  spiked  to  the  sinking  plank,  the  frame  thus 
made  being  weighted  to  keep  the  timbers  in  place.  The  side  planks, 
which  were  chamf erred  to  a  thin  edge  at  the  lower  extremities,  were 
then  driven  into  close  contact  with  the  bottom  and  spiked  to  the  top 
timbers,  care  being  taken  to  keep  them  in  contact  with  the  lower 
timbers.  The  space  was  then  ready  for  filling.  The  puddling  or 
filling  was  taken  from  the  river  bed  and  shore,  and  consisted  of  clay 
mixed  with  gravel,  which  material  was  always  found  at  moderate 
distances  from  the  work. 

After  the  filling  became  compact  the  water  was  slowly  pumped  out 
of  the  cofferdam  and  the  space  inclosed  was  ready  for  the  work  of 
excavation.  No  special  tamping  or  packing  was  employed — the 
material  being  such  as  to  readily  settle  and  spread  into  the  cavities. 
The  size  of  timber  and  thickness  of  plank  varied  according  to  depth 
of  water  and  consequent  height  of  dam  and  pressure.  In  deep 
water  three  rows  of  stringers  were  sometimes  used  as  affording 
greater  stability,  and  the  dams  were  often  braced  from  the  inside  at 
threatened  points.  The  thickness  of  the  filling  of  the  upper  and 
lower  ends  was  about  ten  feet,  they  being  generally  in  deeper  water 
than  the  sides,  which  had  ordinarily  an  inside  thickness  of  about 
eight  feet. 

Although  the  clams  used  in  the  improvement  of  Rock  Island  Rap- 
ids were  in  general  built  in  comparatively  shallow  water  (from  6  to 
14  feet  in  depth),  Sycamore  dam,  which  was  the  largest  built,  at- 
tained at  some  places  a  height  of  26  feet  above  the  bed  of  the  river. 

The  quarrying  was  performed  by  the  use  of  the  ordinary  hand 
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drill  and  blasting  powder.  The  drills  used  varied  from  i^  to  2^ 
inches  in  diameter,  and  the  depth  of  holes  from  one  to  four  feet.  To 
avoid  the  effect  of  moisture  in  the  rock  and  to  form  a  water-tight 
magazine,  the  holes  were  sponged  out  and  partially  filled  with  a  soft 
pliable  clay.  The  drill  was  then  forced  into  this  clay,  pressing  it 
against  the  sides  and  making  a  water-tight  lining.  The  proportion 
of  rock  excavated  to  powder  used  was  7-13  cubic  yards  to  one 
pound  of  powder. 

When  the  excavation  was  finished  and  the  inclosure  cleaned  of 
broken  rock,  etc.,  the  water  was  let  in  and  the  dams  and  cribs  re- 
moved by  dredge.  Cofferdams  were  frequently  damaged  and  some- 
times broken  in  by  passing  steamers  and  rafts. 


TABLE  VI. 

Table    of    Dimensions    of    Coffer-dams    Constructed    During    Improvement    of    Rock    Island 
Rapids,   with   Location  and   Quantity  of  Rock   Excavated. 

Amt.  of  rock 

excavated 

cu.  yds. 


NAME  OF  CHAIN 


Development     Area 
Lin.  ft.  Acres 


Duck    Creek    

Moline      

Sycamore     

Campbells     

Smiths     

Upper     

Between    Smiths   and    Sycamore   No.    1. 
Between    Smiths  and   Sycamore  No.    2. 

Crab   Island   No.    1 

Crab   Island   No.   2 

Lower    No.    1 , 

Lower   No.   2 


Total  excavated  by  coffer-dams. 


1.310 

2.29 

5,183.80 

2,645 

6.03 

16,958.41 

5,171 

42.91 

17,376.66 

5,760 

43.07 

7,832.86 

2,209 

4.84 

5,598.87 

1,710 

2.26 

3,697.50 

960 

805.10 

840 

817.20 

1,100 

1,077.40 

1,020 

1,446.90 

1,505 

2.27 

2.649.60 

1,480 

2.81 

2,340.50 
65,784.80 

The  locations  of  the  cofferdams  are  shown  on  Plate  X. 

2.  By  chisel  and  dredge.  The  chisel  was  used  for  breaking  rock 
that  was  found  in  patches  or  in  bowlders  too  small  in  area  to  justify 
the  construction  of  an  inclosing  cofferdam.  The  use  of  the  chisel 
boat  dates  back  to  1855,  when  Major  J.  G.  Floyd,  United  States 
Agent,  used  on  the  Des  Moines  Rapids  a  stick  of  oak  timber  12  feet 
long  and  about  12  inches  square,  with  bars  of  railroad  iron  let  into 
the  side  as  ribbands  to  work  in  the  uprights  prepared  for  the  pur- 
pose and  set  up  on  one  end  of  the  boat.  The  timber  was  shod  with 
a  conical  shoe  of  wrought  iron  weighing  about  300  pounds,  and  hav- 
ing a  pyramidal  point  of  steel.  The  chisels  were  afterwards  made 
of  wrought  iron  nine  feet  long  with  a  steel  point.  The  upper  end 
worked  loosely  in  a  "head"  from  which  the  chisel  was  suspended, 
and  was  so  arranged  as  to  allow  the  chisel  to  glance  from  the  rock 
without  injury  to  the  boat.  Its  weight  was  about  3^2  tons.  The 
steel  point  was  detachable,  so  that  when  it  became*  dull  it  could  be- 
removed  and  another  substituted.  The  "head"  was  made  of  tough 
elm  or  bass  wood  and  raw  hide  bolted  together  so  as  to  bring  the 
raw  hide  at  the  neck  of  the  chisel,  where  there  was  the  greatest 
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wear.  The  chisel  was  operated  by  machinery  and  leads  similar  to 
those  of  a  pile  driver,  which  were  placed  on  a  suitable  flatboat.  The 
fall  was  about  seven  feet.  The  boat  was  maneuvered  by  anchors, 
lines  and  windlasses,  so  as  to  cover  the  points  desired,  the  chisel 
working  from  the  down  stream  end  of  the  boat.  On  the  Rock  Island 
Rapids  the  chisel  was  reported  to  be  very  efficacious  where  the  cut- 
ing  was  small  (18  inches  or  less),  while  on  the  Des  Moines  Rapids 
it  was  not  as  satisfactory. 


TABLE  VII. 

Quantities  of   Rock   Removed  by   Chisel   and   Dredge   in   the   Improvement  of 

Rock  Island  Rapids. 


LOCALITY 


Rock 
excavated 
cu.  yds. 


REMARKS 


Duck  Creek   5,917.92 

Moline     2,741.78 

Sycamore    245.18 

Campbells      1,154.12 

Smiths     842.50 

Upper    991.30 

Between    Smiths  and   Sycamore...  1,694.71 

Crab  Island    409.00 

Saint   Louis    2,795.20 

Winnebago      2,144.00 

Lower    705.00 

Total    

19,640.71 


Patches  above  and  below  the  coffer-dam 
and  also  between  Duck  Creek  and  Mo- 
line. 

Patches   above   and  below   coffer-dam. 

Strip  of  rock  on  which  lower  end  of  cof- 
fer-dam rested. 

Patches    above    and    below    the    coffer-dam. 

Patches  above   coffer-dam. 

At  head  of  chain. 

Scattering  patches  of  small   area. 

Patches    below    coffer-dam. 

Nearly  all  work  at  this  chain  done  by 
chisel. 

All  work  at  this  chain  was  done  by  chisel. 

Strips   on   which  the   coffer-dam   rested. 


3.  By  drillboat,  submarine  blasting  and  dredge.  In  1875,  at  St. 
Louis  Chain,  tripods  were  placed  on  the  rock  to  be  excavated,  and 
from  platforms  built  on  the  tripods  holes  were  drilled  by  hand,  the 
rock  blasted,  and  the  broken  rock  raised  by  a  derrick  boat.  About 
305  cubic  yards  of  rock  were  removed  by  this  means.  While  this 
method  can  be  employed  advantageously  for  small  patches  of  rock, 
it  has  been  found  with  the  development  of  the  steamdrill  that  it  was 
more  economical  to  mount  the  drill  on  a  barge,  which  could  be 
moved  readily  from  place  to  place,  and  since  1878  the  work  of  rock 
removal  has  been  performed  on  the  Rock  Island  Rapids  by  means 
of  the  drillboat.  The  latest  form  of  drillboat  employed  consists  of  a 
barge  80  feet  long  by  18  feet  wide,  on  one  side  of  which  are  mounted 
two  steamdrills  (Plate  XI).  A  boiler  room  and  blacksmith  shop 
occupy  the  middle  of  the  boat,  and  the  boat  is  held  in  position  by 
spuds.  Maneuvering  lines  are  also  attached  for  moving  the  boat 
out  of  danger  during  blasting  operations. 

The  usual  method  of  procedure  is  as  follows :  The  drillboat  is 
first  spudded  in  position,  and  holes  3  inches  in  diameter  are  drilled 
four  feet  apart  into  the  bed  rock  and  are  sunk  to  a  depth  of  three 
feet  below  grade  to  avoid  reblasting.  The  distance  between  rows  of 
drill  holes  is  also  usually  four  feet.  The  holes  are  then  freed  from 
debris  by  flushing  them  out  with  water  discharged  through  a  hose 
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with  a  long  nozzle.  The  charges  of  dynamite  are  then  pushed  to  the 
bottom  of  the  holes  through  a  long  tube  having  a  slot  in  the  side  to 
accommodate  the  fuse  wires,  and  a  wad  of  old  junk  is  rammed  down 
on  top  of  each  load  to  tighten  and  hold  it  securely  in  place.  The 
number  of  loaded  ho1es  on  a  line,  ranging  from  I  to  17,  having  been 
finally  connected  by  splicing  the  wires  to  form  a  circuit,  the  drill- 
boat  is  moved  away  to  a  distance  of  50  to  75  feet,  and  the  blast  is 
then  fired  with  a  battery.  The  average  amount  of  dynamite  used 
per  solid  cubic  yard  of  rock  blasted  is  2.29  pounds,  and  the  average 
amount  of  solid  rock  blasted  per  day  of  16  hours  by  one  drillboat  is 
30.86  cubic  yards.  There  is  great  variation,  however,  due  to  depth 
of  drilling,  quality  of  material,  and  the  amount  of  sand  and  gravel 
found  overlying  the  reefs.  In  deep  ledge  rock  which  breaks  up  so 
as  to  permit  holes  to  be  drilled  eight  feet  apart,  an  output  of  72  cubic 
yards  of  solid  rock  per  day  of  16  hours  was  obtained,  with  an  ex- 
penditure of  1. 17  pounds  of  dynamite  per  cubic  yard. 

The  following  table  gives  the  quantity  of  dynamite  generally  used 
for  holes  of  various  depths  and  in  different  kinds  of  material: 

TABLE  VIII. 

Depth  of  hole 3ft.  4ft.  5ft.  6ft.  7ft.  8ft. 

Dynamite' in  hard  rock,  lbs 2^2  2>JA  4       A-H  S/^  &A 

Dynamite  in  rock  medium  to  soft,  lbs..  .  .2       2^  3^4  3%  4^   5/4 

The  dams  on  the  rapids  have  usually  been  built  from  the  rock  ex- 
cavated from  the  neighboring  chains.  Submerged  dams  are  given 
an  elevation  of  6  feet  below  low  water,  the  ordinary  wing  dams  3^2 
feet  above  low  water.  The  longitudinal  dike  extending  above  Ben- 
hams  Island  was  built  by  the  Ordnance  Department,  U.  S.  Army,  to 
increase  the  head  on  a  dam  in  Sylvan  Water  that  has  been  con- 
structed to  supply  power  to  the  Rock  Island  Arsenal. 

Guide  piers  (Plate  X),  16  in  number,  have  been  built  to  mark  the 
channel  by  day  and  to  carry  lights  at  night.  The  pier  foundations 
are  of  rip  rap,  averaging  90  feet  by  55  feet,  carried  up  to  about  the 
low  water  line.  The  piers  are  conical  at  both  their  upper  and  lower 
ends,  with  sloping  sides,  and  average  70  feet  long  by  35  feet  wide  at 
the  base,  and  30  feet  by  2  feet  on  top.  They  extend  to  the  elevation 
'of  high  water.  They  have  a  core  of  rip  rap  and  are  covered  with 
facing  stone  laid  in  cement  mortar  having  a  thickness  of  twenty- 
four  inches  on  the  up-stream  end  and  from  fifteen  to  eighteen  inches 
on  the  down-stream  side.  An  iron  socket  is  inserted  in  the  top  of 
each  pier,  to  carry  a  lamp  post.  Spar  buoys  are  also  employed  as 
additional  aids  in  marking  the  channel.  These  buoys  are  of  wood, 
from  ten  to  sixteen  feet  in  length,  twelve  inches  in  diameter  at  the 
large  end,  tapering  to  four  inches  diameter  at  the  small  end.  On 
the  large  end  of  the  buoy  is  an  eyebolt  which  is  connected  by  a  clevis 
with  a  ^-inch  chain  attached  to  a  ring  bolt  in  the  rock  bottom.   The 
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ring  bolt  is  placed  in  a  hole  drilled  in  the  rock  and  is  set  by  a  few 
taps  of  the  steamdrill,  the  end  of  the  bolt  having  been  split  and  a 
wedge  inserted. 

In  the  following  table  is  given  the  cost  of  rock  excavation. 


TABLE  IX. 

Notes   on    Rock   Excavation. 


Year 


LOCALITY 


Removed 

from  (solid 

cu.  yds.) 


Cost  per 
cubic 
yard 


METHOD 


186S 

R. 

I. 

Rapids 

21,253 

$10.00 

1869 

" 

12,671 

13.00 

1870 

<< 

1,172 

13.00 

1870 

ii 

7,833 

11.50 

1872 

ii 

5,599 

10.35 

1872 

it 

1,622 

11.00 

1872 

<i 

3,698 

14.00 

1875 

ii 

2,650 

12.00 

1876 

ii 

2,341 

12.00 

1876 

{< 

305 

11.13 

1879 

ii 

682 

10.78 

1886 

it 

445 

7.00 

1887 

ii 

1,343 

8.47 

1889 

<i 

2,451 

5.43 

1890 

« 

1,398 

7.20 

1891 

ii 

2,704 

5.76 

1892 

ii 

1,990 

4.73 

1893 

ii 

2,919 

4.71 

1894 

<i 

3,852 

4.70 

1895 

" 

6,158 

3.75 

1895 

D. 

M.   Rapids 

3.05 

1896 

R. 

I. 

Rapids 

5,271 

4.42 

1897 

ii 

3,105 

4.31 

1898 

R. 

I. 

Harbor 

4.94 

1898 

R. 

I. 

Rapids 

6,320 

3.37 

1898 

D. 

M.    Rapids 

5,449 

2.36 

1898 

Hend 

[erson   R. 

693 

4.14 

1899 

R. 

T. 

Rapids 

5,406 

3.50 

1899 

R. 

I. 

Harbor 

1,441 

2.47 

1899 

Rock 

ingham 

4,730 

2.93 

1900 

R. 

I. 

Rapids 

3,631 

3.30 

1901 

ii 

1,000    ' 

4.34 

1902 

ii 

6,201 

2.69 

1903 

ii 

6,425 

3.65 

1904 

ii 

5,018 

6.00 

1905 

ii 

8,670 

1.00 

Contract;     coffer-dams,     steam     and     hand- 
drills,  powder. 


Hired  labor;   hand-drills,   dredge,  powder. 

Hired  labor;  steam-drill  boat,  dredge,  dy- 
namite. 

Contract;    chisel   and   dredge. 

Contract;    chisel   and   dredge. 

Hired  labor;  steam-drill  boat,  dredge,  dy- 
namite. 


Dredging   rock   blasted    preceding   year. 


HARBORS   OF   REFUGE,    LAKE    PEPIN. 

The  Mississippi  river  steamboat  is  broad  and  of  light  draft,  and 
has  not  been  constructed  to  resist  wave  action.  Storms  on  Lake 
Pepin  create  waves  of  considerable  force,  particularly  when  the 
wind  is  blowing  up  or  down  the  lake,  and  have  caused  numerous 
accidents  to  river  craft  in  their  passage  through  it.  Log  and  lumber 
rafts  of  large  dimensions  are  towed  through  the  lake,  and,  as  the 
current  in  the  lake  is  inappreciable,  move  very  slowly.  If  exposed 
to  a  storm  these  rafts  are  broken  up  and  scattered.  The  navigation 
interests  have  therefore  desired  some  form  of  protection,  and  four 
piers  or  breakwaters  have  been  constructed,  on  the  leeward  side  of 
which  vssels  can  find  refuge  (Plate  XII). 

Stockholm  Breakwater.  The  first  of  these  structures  was  built 
at  Stockholm  under  acts  of  Congress  approved  August  2,  1882,  and 
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July  5,  1884,  appropriating  $10,000  and  $15,000,  respectively,  for 
the  purpose.  The  breakwater  has  a  length  of  774  feet,  the  inner 
166  feet  being  a  rip  rapped  earthen  embankment,  and  the  remainder 
composed  of  18  cribs  filled  with  rock  and  gravel.  The  cribs  are  32 
feet  long,  and  the  first  nine  cribs  from  shore  have  a  width  of  20 
feet,  the  others  26  feet.  The  substructure  was  built  of  pine  logs  and 
the  superstructure  of  12-inch  square  timbers  with  spaces  of  six 
inches  between  them.  Two  sets  of  longitudinal  timbers  divide  the 
cribs  into  pockets.  The  outer  pockets  were  filled  with  rock  and  the 
inner  originally  with  earth  and  gravel.  The  top  was  covered  with 
three  inch  oak  plank.  The  height  of  the  breakwater  is  twelve  feet 
above  the  low  water  of  1864,  and  at  its  outer  end  has  a  height  from 
the  bed  of  the  lake  of  twenty-four  feet.  Snubbing  posts  were  pro- 
vided for  mooring  vessels  and  protecting  oak  piles  driven  along  the 
sides  of  the  structure.  This  work  was  done  under  contract,  and 
completed  in  September,  1885. 

After  passing  through  two  winters  without  any  material  dam- 
age, the  flood  of  tne  spring  of  1888  broke  up  the  ice  in  the  lake  when 
it  was  two  feet  thick.  A  violent  windstorm  carried  a  large  mass  of 
this  ice  against  the  pier,  and  the  upper  four  feet  of  the  superstruc- 
ture was  carried  away. 

As  originally  constructed,  the  sides  of  the  cribs  were  vertical.  In 
making  repairs,  the  sides  and  ends  of  the  superstructure  were  given 
a  slope,  as  shown  m  the  cross  section  (Plate  XII),  and  covered  with 
three  inch  oak  plank.  The  angles  between  the  crib  and  the  bed  of 
the  lake  were  filled  with  brush  and  rock -substituted  for  the  earth  and 
gravel  in  the  center  pockets.  Since  these  repairs  have  been  made 
the  structure  has  succssfully  withstood  the  action  of  ice  and  storms. 

The  following  is  a  bill  of  the  material  used,  with  the  amounts  paid 
the  contractor: 

12,930  lin.  ft.  logs,  at  13^  cts $1,777.88 

305,956  ft.  B.  M.  12-inch  square  timber,  at  $23.40  per  M.  7,159.37 

42,612  ft.  B.  M.  3-inch  deck  plank,  at  $17.50  per  M 745-71 

32,963  ft.  B.  M.  2-inch  pocket  plank,  at  $12.50  per  M..  .  412.03 

4,928  tree  nails,  at  5  cts 246.40 

420  lbs.  iron  bolts,  at  $4.15 1743 

2,713  lbs.   spikes,  at  $4.33 "747 

4,666.2  cubic  yards  rock,  at  $1 4,666.20 

3,494  cubic  yards  gravel,  at  25  cts 873.50 

$16,011.99 

Repairs  by  United  States 6,416.62 

Surveys,  superintendence,  office  expenses  and  contingen- 
cies           2,571.3 

$25,000.00 
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Lake  City  Breakwater.  The  natural  location  for  a  breakwater  on 
the  western  side  of  the  lake  opposite  Stockholm  is  at  Central  Point, 
north  of  Lake  City.  Upon  petition  of  the  citizens  of  the  town,  it  was 
placed  at  Lake  City,  and  forms  with  the  point  above,  a  harbor  for 
the  town,  protected  from  all  storms  except  those  coming  across  the 
lake.  The  latter  are  rarely  sufficiently  severe  to  interfere  with  the 
use  of  the  harbor.  The  breakwater  has  a  length  of  about  871  feet, 
of  which  512  are  constructed  of  cribs,  and  the  remainder  is  a  gravel 
embankment.  The  embankment  is  built  of  gravel  dredged  from  the 
bed  of  the  lake,  has  a  width  of  seventeen  feet  on  top  and  a  height  of 
thirteen  feet  above  the  low  water  of  1864.  The  slopes  above  low 
water  are  iy2  horizontal  to  1  vertical,  and  are  covered  with  a  layer 
of  rip  rap  rock,  from  2^2  to  1  foot  in  thickness.  The  cribs  rest  on 
a  gravel  foundation,  deposited  from  dump  scows,  which  reduced 
the  depth  of  the  lake  along  the  line  of  the  pier  from  a  maximum  of 
28  feet  to  5  feet  below  low  water.  The  cribs  are  similar  to  those  in 
the  Stockholm  breakwater,  except  that  they  have  a  width  of  32  feet, 
and  on  the  harbor  side  the  superstructure  is  vertical  and  planked 
with  two  inch  oak  planks.    The  cost  of  the  work  was  $31,985.23. 

As  originally  constructed  the  plank  on  the  sloping  side  of  the 
superstructure  extended  some  distance  beyond  the  crib.  Ice  would 
form  under  this  overhang  and  as  the  lake  rose,  tear  the  plank  from 
their  supports.  By  the  simple  method  of  cutting  the  plank  flush 
with  the  sides  of  the  cribs  this  difficulty  was  obviated. 

Kings  Coulee  Breakwater.  It  was  observed  that  the  embank- 
ments at  the  shore  ends  of  the  breakwater  at  Stockholm  and  Lake 
City  suffered  less  from  ice  than  the  timber  structures  and  at  Kings 
Coulee  the  experiment  was  tried  of  extending  the  embankment  the 
entire  length  of  the  breakwater.  A  foundation  of  gravel  was  de- 
posited to  a  stage  five  feet  below  low  water  and  on  this  a  dam  was 
constructed  of  brush  and  rock,  the  brush  being  woven  into  mats  and 
sunk  in  the  usual  manner.  The  length  of  pier  measured  along  the 
top  of  the  gravel  foundation  is  700  feet.  For  650  feet  it  was  built 
to  a  stage  twelve  feet  above  low  water,  the  outer  fifty  feet  grad- 
ually sloping  to  a  grade  four  feet  above  datum.  The  width  of  the 
pier  is  ten  feet  on  top  and  thirty-six  feet  at  the  low  water  line.  The 
slopes  above  low  water  are  thirteen  feet  horizontal  to  twelve  ver- 
tical, and  below  low  water  the  natural  slope  of  gravel  under  water, 
about  1  on  4.  The  surface  of  the  breakwater  is  covered  with  a 
rip  rap  of  stone  from  3^  to  4  feet  thick  at  low  water  and  diminish- 
ing to  2  feet  in  thickness  at  the  top.  Snubbing  posts  were  pro- 
vided for  mooring  vessels.  There  were  expended  in  its  construction 
109,041.8  cubic  yards  of  gravel,  11,009.6  cubic  yards  of  rock,  and 
19,356  cubic  yards  of  brush.  The  cost  of  the  work  was  $30,000. 
The  depth  of  the  lake  at  the  outer  end  of  the  breakwater  is  thirty-six 
feet  below  low  water. 

The  pier  has  settled  considerably,  and  has  been  slightly  injured  by 
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wave  action.     No  appreciable  damage  from  ice  has  yet  been  ob- 
served. 

By  the  River  and  Harbor  Acts  of  June  13,  1902,  and  March  3, 
1905,  $25,500  was  allotted  for  constructing  a  fourth  breakwater  at 
North  Pepin.  This  breakwater  has  a  length  of  about  1,000  feet,  but 
is  built  in  shoaler  water  than  the  other  three.  It  is  composed  of  a 
sand  and  gravel  core,  covered  with  rip  rap  rock.  Thirty-six  thou- 
sand two  hundred  and  thirty-eight  cubic  yards  of  sand  and  gravel 
and  8,586  cubic  yards  of  rip  rap  rock  were  expended  in  its  construc- 
tion. 

HARBORS    OF    REFUGE    FROM    ICE. 

When  the  ice  breaks  up  in  the  spring,  it  frequently  floats  down  tht 
river  in  masses  sufficiently  large  to  destroy  any  boat  with  which  it 
may  come  in  contact,  and  it  is  necessary  for  boats  to  lie  up  during 
the  winter  at  places  where  they  will  not  be  exposed  to  this  action. 
The  outlet  of  a  side  slough  frequently  affords  such  protection,  and 
a  number  of  sloughs  are  used  as  ice  harbors  for  rafts  of  logs.  The 
Des  Moines  Rapids  canal  and  the  portion  of  the  Illinois  and  Missis- 
sippi canal  around  the  rapids  of  Rock  River  are  also  extensively 
employed  for  a  similar  purpose.  For  steamboats  it  is  desirable  that 
the  ice  harbor  should  be  in  the  vicinity  of  some  large  town,  so  that 
the  necessary  repairs  for  another  season  can  be  made  while  the  boat 
is  laid  up.  Appropriations  have  been  made  for  ice  harbors,  at 
Dubuque,  Iowa  (Mile  265),  at  Davenport,  Iowa  (Mile  363),  and  at 
Quincy,  111.  (Mile  521)/ 

The  ice  harbor  at  Dubuque  has  been  constructed  by  the  General 
Government  deepening  Waples  Cut,  a  natural  harbor,  in  front  of  the 
city,  while  the  local  authorities  have  filled  in  around  it.  The  harbor 
has  an  area  of  about  twelve  acres  and  has  been  dredged  to  a  depth 
of  six  feet  below  low  water.  There  has  been  expended  for  the  pur- 
pose $45,000.  Occasional  dredging  is  required  to  keep  the  entrance 
open.  At  Davenport  a  harbor  has  been  constructed  behind  Credit 
Island  by  building  a  dam  across  the  upper  end  of  the  slough  and 
dredging  an  area  of  293,430  square  feet  to  five  feet  below  low  water. 
The  dam  was  originally  given  a  height  of  eight  feet  above  low  water 
by  the  government,  but  afterwards  raised  to  thirteen  feet  by  a  rail- 
road company.  There  was  expended  on  the  work  by  the  United 
States  to  June  30,  1906,  $13,046.80. 

In  the  bay  above  Quincy,  111.,  an  area  of  eighty-two  acres  has 
been  dredged  to  a  depth  of  six  feet  below  low  water,  at  a  cost  of 
$129,481.36.  This  harbor  not  only  affords  refuge  for  boats,  but  a 
large  portion  is  occupied  by  log  rafts  stored  for  the  use  of  mills  in 
the  vicinity.  There  is  considerable  deposit  in  the  bay  from  streams 
and  sewers  emptying  into  it,  which  has  to  be  removed  by  dredging. 

Appropriations  and  allotments  have  also  been  made  for  improving 
the  river  in  front  of  certain  cities  and  towns  along  the  river,  and 
these  have  been  frequently  designated  as  "improving  the  harbor"  at 
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the  locality.  In  such  cases  the  work  to  be  done  usually  consists  in 
removing  a  bar  which  has  been  formed  in  front  of  the  steamboat 
landing  of  the  town  by  sand  moving  down  the  river.  The  methods  of 
improvement  adopted  have  been  either  dredging,  or  contracting  the 
width  of  the  river  by  the  construction  of  wing  dams  on  the  bank  op- 
posite the  town,  so  as  to  cause  the  river  currents  to  remove  the  ob- 
structing bar.  In  the  following  table  is  given  a  list  of  such  special 
appropriations  and  allotments. 

TABLE  X. 

Appropriations    and   Allotments    for    Local    Improvements,    Upper    Mississippi    River. 


LOCATION 


Allot- 
ments        Special 
from    gen-     appro- 
eral  appro-   priations 
priations 


Total 


Amount 
expended  to 
June  30,  1906 


Method  of 
Improvement 


La     Crosse L  144     .$5,000     $12,000     $17,000     $13,821.05 


Prairie    du    Chien..L  208 

Guttenberg    R  229 

Dubuque      R  265 

East  Dubuque L  265 

Clinton     R  327 

Port     Byron R  348 

Rock    Island L  363 

Andalusia     L  372 

Muscatine      R  390 

Burlington     R  442 

Ft.    Madison R  463 

Montrose      R  472 

Quincy     L  521 


Hannibal      R 

Louisiana     R 


540 
568 


Clarksville     R  578 


Hamburg    Bay L 

Alton    '. L 


590 
652 


30,000 
25,000 

8,000 
41,000 

25,000 

5,000 
10,000 

12,000 

15,000 
5,000 

6,000 
20,000 
30,000 

2,000 
20,000 

24,100 
15,000 

15,000 

15,000 
10,000 

45,000 
10,000 

108,000 

30,000 

8,000 

66,000 


30,000.00 

8,000.00 

66,000.00 


25,000         22,071.15 


5,000 
22,000 

6,000 
35,000 
35,000 

24,100 

2,000 

35,000 

60,000 
10,000 
15,000 
10,000 
108,000 


5,000.00 
22,000.00 

6,000.00 
35,000.00 
35,000.00 

24,100.00 

2,000.00 

26,505.31 

59,755.67 
10,000.00 
15,000.00 
10,000.00 
108,000.00 


Contraction     and 

dredging. 
Contraction. 
Contraction. 
Dredging. 

Contraction  and 

dredging. 
Dredging. 
Dredging    and    rock 

excavation. 
Contraction. 
Dredging. 
Contraction    and 

dredging. 
Contraction. 
Dredging. 
Contraction   and 

dredging. 
Contraction. 
Contraction. 
Contraction. 
Dredging. 
Contraction  and 

dredging. 


A  lock  is  under  construction  in  front  of  Moline  to  afford  that  city 
a  connection  with  the  river,  but  as  this  lock  will  become  a  portion  of 
the  enlarged  project  for  improving  the  river  its  description  is 
omitted. 

LEVEES. 

At  a  6-foot  stage  the  river  begins  to  overflow  the  bottom  lands ; 
above  a  12-foot  stage  the  overflow  of  the  alluvial  valley  is  extensive, 
although  there  are  certain  sand  ridges  that  are  above  any  recorded 
stage  of  the  river.  The  floods  are  uusally  of  short  duration,  and 
most  frequently  occur  in  June  or  July. 

While  there  are  many  tracts  of  land  that  have  been  partially  pro- 
tected from  overflow  by  their  owners,  there  are  but  three  levee  dis- 
tricts along  the  Upper  Mississippi  river  that  have  received  appro- 
priations from  the  General  Government,  i.  e.,  the  levee  from  Iowa 
river  to  Flint  Creek,  Warsaw  to  Quincy  Levee,  and  Sny  Levee. 

Levee  from  Iowa -River  to  Flint  Creek  {Miles  411-440).  The 
River  and  Harbor  Act  of  August  17,  1894,  provided  for  a  survey  on 
the  west  side  of  the  Mississippi  river. 
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«*  *  *  commencing  at  the  mouth  of  Flint  Creek,  in  Des 
Moines  County,  State  of  Iowa,  and  running  along  the  west  bank  of 
the  river  to  the  mouth  of  the  Iowa  river,  *  *  *  with  a  view  to 
improving  the  navigation  by  preventing  the  water  from  overflowing 
the  natural  and  artificial  banks  along  those  parts  of  the  river  and 
deepening  the  channel." 

This  was  interpreted  to  mean  that  Congress  desired  an  estimate  of 
the  cost  of  a  levee  that  would  prevent  overflow  of  the  west  bank  of 
the  river  between  the  points  mentioned.  A  survey  was  made  in  ac- 
cordance therewith  and  an  estimate  of  cost  of  $305,000  submitted. 
By  the  act  of  March  2,  1895,  Congress  appropriated  $85,000  to  be- 
gin the  work,  and  to  March  3,  1899,  had  allotted  $300,000  for  its 
construction. 

The  levee  has  a  length  of  35^  miles  and  protects  from  overflow 
about  44,700  acres.  The  levee  section  originally  adopted  had  a 
width  of  crown  of  four  feet,  land  slope  1  on  2,  and  river  slope  of  1 
on  3.  The  grade  of  crown  is  three  feet  above  the  flood  of  1888. 
When  the  writer  was  assigned  to  the  charge  of  the  district,  in  1898, 
he  increased  the  section  by  giving  a  width  of  six  feet  to  the  crown 
and  a  land  slope  of  1  on  2^.  The  levee  section  adopted  on  the 
Lower  Mississippi  river,  which  has  a  crown  from  eight  to  ten  feet 
in  width  and  a  land  slope  of  1  on  3,  it  was  believed,  could  be  safely 
reduced,  as  the  floods  on  the  upper  river  are  of  shorter  duration, 
and  as  great  an  increase  in  flood  height  from  levee  construction  is 
not  to  be  apprehended. 

The  method  of  levee  construction  was  as  follows :  The  ground 
occupied  by  the  levee  was  first  cleared  of  trees,  stumps,  and  all  other 
perishable  matter,  all  trees  and  stumps  being  grubbed  out  by  the  roots 
to  three  feet  beyond  the  slope  stakes.  The  surface  of  the  ground 
was  then  thoroughly  broken  by  spade  or  plow  to  form  a  bond  with 
the  earth  deposited.  The  specifications  required  that  such  top  soil 
as  in  the  opinion  of  the  engineer  in  charge  was  unfit  for  the  founda- 
tion should  be  removed  and  deposited  to  form  a  banquette  on  the 
land  side  of  the  levee,  together  with  such  top  soil  from  the  borrow 
pits ;  but  the  ground  along  the  levee  was  of  such  a  character  that 
little  material  was  rejected.  A  muck  ditch  was  then  cut  three  feet 
from  the  center  line  of  the  levee  on  the  river  side.  Its  dimensions 
usually  were  four  feet  by  four  feet.  The  object  of  the  muck  ditch 
is  to  explore  the  foundations  and  improve  the  bond  between  the 
foundation  and  the  embankment.  The  muck  ditch  was  then  filled 
with  approved  material  and  thoroughly  tamped,  usually  by  teams 
passing  over  it.  The  embankment  was  then  deposited  in  layers  not 
exceeding  two  feet  in  thickness  when  moved  by  scrapers  (the  usual 
method).  If  constructed  by  wheelbarrows,  the  specifications  pre- 
scribed that  the  layers  should  not  exceed  one  foot  in  thickness  and 
should  be  carefully  tamped  by  employing  one  rammer  to  two  wheel- 
barrows. The  embankment  was  carried  to  one-tenth  its  height 
above  the  established  grade  to  allow  for  shrinkage.     The  material 
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was  generally  obtained  from  borrow  pits  on  the  river  side,  at  a  dis- 
tance not  less  than  twenty  feet  from  the  base  of  the  levee,  but  in  a 
few  cases  it  was  necessary  to  obtain  a  small  portion  of  the  material 
on  the  land  side,  and  in  such  cases  the  limit  of  the  borrow  pits  was 
sixty  feet  from  the  toe  of  the  land  slope. 

As  the  levee  line  extends  to  the  bluffs  at  the  lower  end  of  the  dis- 
trict, to  protect  against  back  water,  it  has  been  necessary  to  make 
provision  for  the  ordinary  drainage  of  the  land  during  rain  storms. 
This  has  been  accomplished  by  running  pipes  with  outflow  valves 
through  the  embankment  at  the  various  sloughs  and  streams  it 
crosses,  so  that  when  the  river  is  low,  water  can  flow  outward,  but 
if  high  the  closed  valve  would  prevent  an  inflow.  Ordinary  36-inch 
cast  iron  water  mains  were  employed  for  the  purpose,  having  a  thick- 
ness of  ]/§  of  an  inch,  the  standard  bell  and  spigot  joint,  and  an  av- 
erage weight  of  4,200  pounds,  for  lengths  to  lay  twelve  feet.  The 
pipes  were  laid  without  calking  the  joints. 

Three  kinds  of  outflow  valves  have  been  tried.  The  first  was  an 
iron  valve  (Plate  XIV),  about  five  feet  long,  which  cost  $86.43. 
The  second  was  also  an  iron  valve,  about  one-half  as  long  as  the  first, 
and  with  a  flange  on  the  lip,  and  planed  faces,  which  made  a  tighter 
and  better  joint.  This  valve  cost  $70.  But  with  both  these  valves  it 
was  found  that  a  head  of  water  of  about  one  foot  was  necessary  to 
open  the  valve,  unless  a  counter  balance  was  provided.  This  coun- 
ter balance  consisted  of  an  old  rail  attached  to  the  valve  by  a  wire 
rope  and  so  pivoted  as  to  take  up  the  surplus  weight.  A  wooden 
shutter  (Plate  XIV),  costing  about  $11  was,  however,  found  to  be 
much  cheaper  than  either  of  the  iron  valves  above  mentioned.  The 
objection  to  the  wooden  valves  is  their  tendency  to  warp  in  such  a 
manner  as  to  allow  considerable  leakage.  They  are  also  more  easily 
broken  than  the  iron  valves. 

At  the  outlet  of  these  drainage  pipes  were  built  rubble  retaining 
walls  to  prevent  earth  from  sliding  in  and  filling  the  pipes ;  and  an 
apron  was  also  constructed  to  receive  the  outflow  and  prevent  ero- 
sion. On  the  land  side  of  the  levee  the  entrances  to  the  drainage 
pipes  were  protected  by  a  rip-rap  of  rock. 

When  the  levee  was  exposed  to  wave  wash,  the  slope  was  revetted 
with  a  layer  of  rip-rap  about  nine  inches  thick,  extending  from  the 
toe  of  the  slope  to  an  elevation  about  one  foot  below  the  high  water 
of  1888.  The  length  thus  revetted  was  14,770  feet.  The  rest  of  the 
levee  slope  was  sown  with  grass  seed,  so  as  to  form  a  sod  to  protect 
the  embankment  from  rain  wash. 

It  was  occasionally  necessary  to  construct  the  levee  close  to  the 
bank  of  the  river  or  a  slough  where  it  was  liable  to  be  injured  by  the 
caving  of  the  banks.  In  such  cases  the  bank  was  revetted.  These 
shore  protections  were  constructed  in  the  manner  customary  on  the 
Upper  Mississippi  river. 

The  revetment  along  the  Mississippi  river  at  Crutchfield  Prairie, 
above  Oquawka  (Mile  429),  8,000  feet  in  length,  was  considered  a 
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part  of  the  general  river  improvement  and  paid  for  from  the  General 
Appropriation,  while  the  6,876  feet  of  shore  protection  on  the  Iowa 
river  and  Huron  Slough  was  paid  for  from  the  allotment  for  levee 
construction. 

COST  OF  THE  WORK  TO  JUNE  30,   I906. 

Surveys    , $     5^794.72 

Right  of  way 444-75 

Drainage   pipe  valves,  etc. .  .  .  \ 10,618.23 

Revetment  of  levee  banks,  14,770  feet 5,457.64 

Shore  protection,  6,876  linear  feet 9,645.97 

Earthwork,   1,856,351.4  cubic  yards 233>9°3-97 

Superintendence    and    inspection 29>555-°5 

Repair  and  maintenance 4,076.15 

Total    $299,556.48 

The  right  of  way  was  generally  granted  by  local  authorities  with- 
out cost  to  the  United  States. 

This  levee  successfully  withstood  the  flood  of  June,  1903,  which 
at  the  upper  end  of  the  levee  district  was  the  highest  on  record. 

Warsaw  to  Quincy  Levee  (Miles  489-520).  This  levee  was  built 
by  local  levee  boards  from  1881  to  1888,  with  a  cross  section  having 
a  width  of  crown  of  five  feet,  a  land  slope  of  1  on  2  and  a  river  slope 
of  1  on  3.  It  has  a  length  of  about  40  miles  and  protects  from  over- 
flow about  52,000  acres  of  land.  There  has  been  expended  by  the 
United  States  in  raising  and  strengthening  this  levee  to  June  30, 
1906,  $101,428.03.  Crevasses  occurred  during  the  floods  of  1881, 
1888,  1892,  1897  and  1903. 

Sny  Levee  (Miles  533-584).  This  levee  extends  from  the  bluffs 
below  Quincy,  111.,  to  Hamburg  Bay,  and  protects  an  area  of  about 
124,500  acres.  It  was  originally  constructed  with  a  cross  section 
similar  to  the  Warsaw  to  Quincy  Levee,  but  has  since  been  en- 
larged to  a  triangular  section  with  a  land  slope  of  1  on  2  and  a  river 
slope  of  1  on  3,  the  apex  being  five  feet  above  the  high  water  of 
1892.  There  has  been  expended  by  the  United  States  on  this  levee 
$106,728.99,  $50,000  for  levee  enlargement  and  the  remainder  for 
the  protection  of  the  levee  from  caving  banks.  Crevasses  occurred 
during  the  floods  of  1876,  1880,  1881,  1888  and  1903. 

REMOVAL  OF  SNAGS   AND  OTHER  OBSTRUCTIONS. 

By  the  Act  approved  March  2,  1867,  an  appropriation  of  $96,000 
was  made  for  building  and  operating  two  dredge  and  snag  boats. 
With  this  appropriation  two  steamboats  were  purchased  and  equip- 
ped with  shears,  for  pulling  snags,  and  with  Long's  Scraper,  for 
lowering  the  crests  of  sand  bars.  Long's  Scraper  (Plate  XIV),  an 
invention  of  the  late  Colonel  Stephen  H.  Long,  Corps  of  Engineers, 
appears  to  have  been  the  most  successful  of  the  various  devices  that 
have  been  suggested  to  temporarily  improve  navigation  during  low 
water.  It  consisted  of  a  triangular  frame  of  oak  timber,  with  buckets 
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or  cutters  of  boiler  iron  bolted  to  the  lower  side.  It  was  attached  by 
bolts  to  the  sides  of  the  boat,  and  was  raised  or  lowered  by  two 
ropes,  one  of  which  was  fastened  to  the  bow  of  the  boat  and  passed 
under  a  pulley  near  the  lower  end  of  the  frame,  thence  over  a  pulley 
on  a  bow  sprit  projecting  from  the  boat,  and  thence  to  the  forward 
steam  capstan  ;  the  other  rope  was  attached  to  the  apex  of  the  trian- 
gular frame  and  passed  over  a  pulley  connected  to  the  shear  boom 
and  thence  to  an  aft  capstan.  The  method  of  operating  the  scraper 
was  to  move  the  boat  to  the  head  of  the  shoal  to  be  dredged,  and  to 
lower  the  scraper  on  the  bar ;  the  wheels  of  the  steamer  were  then 
backed  so  as  to  drag  the  scraper  over  the  bar,  the  boat  floating  with 
its  stern  down  stream.  After  having  been  dragged  across  the  bar, 
the  scraper  was  raised  out  of  the  water  and  the  steamer  returned  to 
the  initial  point.  The  operation  was  then  repeated  until  the  desired 
depth  was  obtained.  The  buckets  cut  up  and  loosened  the  material 
on  the  bar  and  then  conveyed  it  down  stream  and  deposited  it  in 
deep  water,  being  assisted  in  the  movement  of  the  material  by  the 
river  currents. 

These  scrapers  were  quite  extensively  employed  until  appropria- 
tions were  made  for  the  permanent  improvement  of  the  river,  when 
dredges  were  substituted  for  them. 

In  the  report  of  the  Chief  of  Engineers  for  1880,  page  1485,  it 
is  stated: — 

"The  results  not  being  commensurate  with  the  amount  of  time  and 
labor  required,  comparatively  little  of  this  kind  of  work  has  been 
done  of  late  years.  So  many  bars  scattered  over  the  entire  700  miles 
of  river  becoming  obstructions  simultaneously  at  each  recurring  low- 
water,  it  was  found  a  hopeless  task  to  keep  them  all  open  with  one 
boat,  and  unless  a  channel  is  cut  through  all  and  maintained  the  work 
cannot  be  considered  successful.  And  again,  the  results  have  no  per- 
manency, the  work  of  the  scraper  being  generally  obliterated  at  each 
rise  of  the  river,  however  slight,  and  in  many  cases  a  single  night 
will  destroy  the  work  of  the  previous  day.  In  increasing  the  depth 
on  a  bar  for  the  time  being  the  scraper  is  generally  very  effective 
and  is  now  often  used  in  special  cases  where  it  is  thought  that  a  chan- 
nel once  cut  will  maintain  itself." 

In  such  cases,  however,  it  was  found  that  the  ordinary  dipper 
dredge  was  more  economical,  and  the  work  of  the  boat  has  been  con- 
fined to  snagging  operations  and  the  removal  of  wrecks  and  bowl- 
ders. 

Trees  and  stumps  on  caving  banks  fall  or  slide  into  the  river  and 
work  out  into  the  deepest  channel  water.  These  form  what  are 
called  snags,' and  whether  entirely  under  water  or  partly  exposed  are 
dangerous  obstructions  to  passing  boats  and  rafts.  Many  snags  are 
brought  into  the  main  river  from  the  tributaries  in  times  of  flood. 
Many  lodge  on  bars  or  shoal  places  and  lie  there,  perhaps  for  years, 
imbedded  in  sand,  until  changes  in  channel  bring  them  in  the  way 
of  boats.     During  the  season  of  navigation  the  river  is  constantly 
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patrolled.  As  the  banks  of  the  Upper  Mississippi  are  comparatively 
low  and  generally  sloping-  it  is  an  easy  matter  to  dispose  of  snags 
by  hauling  them  out  on  the  bank  with  the  aid  of  tackle  and  shears, 
so  that  the  expensive  steam  saws  and  other  machinery  used  on  snag- 
boats  on  the  Lower  Mississippi,  where  the  banks  are  high  and  steep, 
are  not  needed.  A  side-wheel  boat  is  preferable  for  ease  of  han- 
dling, and  the  cabin  is  placed  aft  farther  than  usual  on  commercial 
boats,  to  afford  more  space  on  the  bow  for  the  men  and  snagging 
apparatus.  A  strong  pair  of  shears  with  large  blocks  extending  over 
the  bow  for  raising  snags  is  essential,  together  with  powerful  steam 
capstans. 

One  of  the  most  important  features  of  the  snagboat  work  and  one 
that  has  been  most  beneficial  in  diminishing  the  number  of  snags, 
is  the  pulling  back  and  uprooting  of  large  trees  near  the  edge  of  the 
bank. 

Other  duties  to  which  the  boat  has  been  assigned  are :  The  plac- 
ing of  buoys,  channel  marks,  mooring  posts  and  ring-bolts ;  making 
surveys,  assisting  steamboats  in  distress,  building  and  repairing 
dams  and  shore  protections,  and  removing  rocks,  wrecks,  and  cribs. 
In  the  removal  of  rocks,  wrecks  and  cribs  the  dipper  dredge  has 
been  found  to  be  the  best  instrument,  and  is  now  more  commonly 
used.  Since  the  abandonment  of  the  scraper,  dipper  and  suction 
dredges  have  been  used  under  this  appropriation  in  cutting  tempo- 
rary channels  by  removing  sand  obstructions.  A  large  amount  of 
rock  excavation  has  also  been  performed  by  use  of  steam-drill  boats, 
dynamite,  and  dipper  dredge.  For  work  above  enumerated  there 
is  an  annual  appropriation  of  $25,000. 

Discussion. 

President  Loweth:  The  speaker  has  frequently  traveled,  by  rail, 
along  the  upper  portion  of  the  Mississippi  River  and  is  somewhat 
familiar  with  the  works  described  in  the  paper  just  read.  He  has 
many  times  been  impressed  with  the  durability  and  efficiency  of 
the  comparatively  simple  and  inexpensive  structures  by  which  the 
river  has  been  improved,  and  made  a  serviceable  highway  for  com- 
merce. Great  credit  is  due  the  engineers  who  have  worked  to  bring 
about  the  results  described.  The  engineer  who  builds  a  sightly 
structure  has  the  satisfaction  of  seeing  it  grow  to  a  successful  com- 
pletion, and  finally  become  a  monument,  so  to  speak,  to  his  skill  of 
which  the  world  may  take  note.  But  the  river  and  harbor  engineer's 
work  is  often  below  the  water's  surface,  and  he  must  be  content  to 
build  a  work  which  remains  unseen,  and  however  successful  his 
labor  may  be  in  accomplishing  the  purpose  sought,  it  is  likely  to 
be  noticed  only  by  the  few  who  are  directly  interested  in  the  use 
and  maintenance  of  the  channel  he  has  made.  Greater  credit  is 
perhaps  due  on  this  account  to  those  engineers  who  labor  under 
such  a  handicap. 
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Major  Judson  of  Milwaukee  and  Major  Rees  of  this  city,  both 
of  the  Engineer  Corps  of  the  United  States  Army,  are  present  and 
are  invited  to  take  part  in  the  discussion  of  this  paper.  Major 
judson  has  recently  served  on  a  Board  which  investigated  the  effects 
of  the  reservoirs  at  the  headwaters  of  the  Mississippi  River  and  the 
desirability  of  longer  maintaining  them.  If  the  speaker's  memory 
is  correct,  this  Board  found  the  reservoirs  beneficial  to  the  navi- 
gability of  the  Upper  Mississippi  River,  as  well  as  a  benefit  in 
other  ways. 

Major  W .  V.  Judson  (U.  S.  Engineer)  :  There  is  one  point — 
to-wit,  the  commercial  side  of  the  matter — that  Col.  Townsend  did 
not  take  up.  He  did  not  discuss  the  value  to  navigation,  of  the 
channel  that  has  been  obtained.  I  am  not  specially  competent  to 
speak  on  this  question,  but  so  far  as  my  general  information  goes 
it  appears  that  commerce  has  been  declining  on  the  Mississippi 
River,  regardless  of  these  improvements,  and  regardless  of  the  fact 
that  the  river  is  a  foot  and  a  half  to  two  feet  deeper  than  it  was 
formerly ;  that  is  to  say,  nearly  twice  as  deep  as  it  was  in  its 
original  state.  We  are  often  confronted  by  such  facts  in  our 
American  river  improvements.  I  have  an  explanation  of  this  situa- 
tion in  mind,  which  I  believe  is  more  or  less  correct.  We  all  know 
that  most  of  the  commercial  cities  abroad  were  built  before  the 
days  of  railroads.  Naturally  these  cities  were  located  on  lines 
of  water  communication,  and  conformed  in  many  ways  to  the  neces- 
sities of  water  transportation.  Large  amounts  of  money  were 
spent  in  improving  the  streams  before  railroad  building  came  along. 
Abroad  the  continent  is  politically  cut  up  into  small  portions,  and 
railway  trunk  lines  are,  as  a  rule,  short.  Economies  in  railroad 
transportation  have  not  been  introduced  abroad  to  the  extent  that 
they  have  been  in  this  country.  On  the  other  hand  many  of  our 
cities  have  been  built  or  have  developed  since  railroad  construction 
began,  and  have  conformed  in  their  development  to  the  necessities 
and  conveniences  of  rail  transportation.  It  is  to  be  expected  there- 
fore that  we  should  find  much  more  traffic  on  shallow  interior  water- 
ways in  Europe  than  in  America. 

With  regard  to  the  great  public  discussion  we  are  having  now  with 
reference  to  inland  waterways,  I  must  confess  it  seems  to  me  that 
many  of  the  great  projects  advocated  are,  to  say  the  least,  of  an  ex- 
perimental character,  without  sufficient  promise  of  satisfactory  com- 
mercial results.  I  am  not  prejudiced  against  waterways,  and  I  know 
there  is,  from  an  engineering  standpoint,  most  interesting  work  to 
be  done  in  the  improvement  of  rivers. 

Great  systems  of  internal  waterways  were  projected  some  fifty 
years  ago,  but  in  many  cases,  after  large  expenditures,  it  was  shown 
that  these  waterways  would  not  be  profitable  and  the  schemes  were 
abandoned  to  a  great  extent,  which  I  think  was  wise.  Yet  there 
seems  to  be  danger  that  this  same  lesson  will  have  to  be  learned 
over  again. 

Your  President  referred  to  work  I  have  been  doing  in  connection 
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with  the  reservoirs  at  the  head  waters  of  the  Mississippi  River.  We 
have  there  perhaps  the  greatest  artificial  reservoir  system  in  the 
world.  There  are  five  great  reservoirs  that  hold,  all  together,  about 
93,000,000,000  cubic  feet  of  water.  It  might  be  interesting  to  de- 
scribe the  conflict  that  arose  between  the  interests  that  were  being 
servecl  by  these  reservoirs,  which  led  to  the  assembling  of  the  "Board 
of  Engineers"  of  which  I  was  a  member.  Each  interest  claimed 
that  it  was  suffering,  as  a  result  of  the  system,  and  the  claims  were 
all  more  or  less  absurd,  of  course.  Some  of  the  mills  claimed  that 
they  got  less  water  occasionally  than  they  had  before  the  system 
was  established ;  navigation  interests  contended  that  they  received 
but  little  benefit,  and  did  not  especially  care  for  the  maintenance 
of  the  system.  Riparians  about  the  reservoirs,  wished  them  aban- 
doned, so  that  they  might  cultivate  land  for  which  they  had  re- 
ceived flowage  damages.  Riparians  below  the  reservoirs  contended 
that  floods  were  increased,  or  at  any  rate  not  diminished.  None  of 
the  different  interest  ran  parallel. 

Suppose  reservoirs  are  operated  exclusively  to  prevent  floods. 
Then  it  is  desirable  to  keep  the  sluices  open  and  the  reservoirs  empty 
at  all  times  except  when  floods  are  threatened.  Only  at  such  times 
would  water  be  accumulated  and  it  would  be  released  as  soon  as 
practicable  to  make  room  for  succeeding  floods.  If  reservoirs  be 
operated  for  the  exclusive  benefit  of  water-power  interests,  then  the 
gates  are  kept  closed  and  water  is  accumulated  except  during  very 
low  stages  when  water  is  released  to  increase  the  low  water  dis- 
charge. These  releases  would  occur,  on  northern  streams,  nearly 
all  winter  and  during  the  low  water  period  of  the  late  summer.  If 
reservoirs  were  operated  to  promote  the  navigability  of  a  stream 
below,  then  releases  would  only  occur  during  low  water  of  the 
open  season  of  navigation. 

Notwithstanding  these  conflicts  of  interest,  it  is  indisputable  that 
reservoirs  can  be  manipulated  so  as  to  return  some  measure  of 
good  to  every  interest,  except  that  centering  around  the  reservoirs 
themselves.  The  distribution  of  benefits,  however,  must  always  give 
rise  to  controversy. 

The  good  that  can  be  done  to  the  navigation  interest,  and  to 
flood  sufferers  as  well,  is  relatively  so  small  that  probably  in  most 
cases  it  would  be  most  in  accordance  with  public  policy  to  sacrifice 
nothing  in  the  operation  of  the  reservoirs  to  these  interests,  but 
to  operate  the  reservoirs  exclusively  to  benefit  water-powers.  Of 
course  this  suggests  that  in  most  cases  reservoirs  should  be  built 
by  associations  of  water-power  owners. 

President  Loweth:  Has  Col.  Townsend  any  data  showing  the 
commerce  on  the  Mississippi  River  in  recent  years,  as  compared 
with  that  of  former  years? 

Col.  Townsend:  There  is  published  annually,  by  the  Chief  of 
Engineers,  reports  showing  the  amount  of  commerce  which  moves 
on  the  river.  The  annual  reports  of  the  last  two  years  have  shown 
an  increase  in  commerce,  but  I   fear  it  has  been  due  more  to  the 
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inaccuracies  of  preceding  reports  than  to  an  absolute  increase.  I 
think  more  care  has  been  used  in  recent  years  in  getting  up  data 
than  formerly.  The  greatest  proportion  of  the  commerce  on  the 
Mississippi  River  has  always  been  involved  in  lumber,  and  as  the 
lumber  has  been  cleared  away,  the  commerce  has  probably  decreased. 

Mr.  Isham  Randolph  (m.  w.  s.  e.)  :  Is  there  anything  to  show 
the  effect  of  the  improvement  of  the  upper  Mississippi  River  on 
freight  rates? 

Col.  Townsend:  The  published  first  class  rates  from  Quincy  to 
St.  Louis,  a  distance  by  rail  of  140  miles,  is  the  same  as  that  from 
St.  Louis  to  a  point  36  miles  south,  or  from  Chicago  to  a  point 
51  miles  west.  Between  Burlington  and  St.  Louis,  221  miles  by  rail, 
is  the  same  rate  as  from  St.  Louis  61  miles  south,  or  from  Chicago 
no  miles  west.  First  class  freight  does  not,  however,  usually  seek 
a  water  route,  and  if  the  Burlington  shipper  happens  to  be  a  man- 
ufacturer who  handles  plow  shares  or  stove  castings  in  car  load 
lots,  he  will  be  as  favorably  located,  as  if  he  resided  in  a  town 
32  miles  south  of  St.  Louis,  and  will  have  the  same  freight  rates  as 
the  town  56  miles  west  of  Chicago  has  to  that  city.  It  is  evident 
that  the  Mississippi  River  has  materially  affected  freight  rates  to 
St.  Louis,  but  what  is  still  more  surprising  is  its  influence  on  Chicago 
rates.  You  will  find  beyond  the  influence  of  Lake  Michigan  in 
Wisconsin  and  Illinois  the  lines  limiting  the  30c  and  40c  rates  to 
Chicago  preserve  approximately  a  uniform  distance  from  that  city 
except  in  the  direction  of  the  Illinois  and  Lake  Michigan  Canal. 
These  generally  correspond  to  the  maximum  rates  allowed  for 
railroads  of  Class  A,  by  the  Railway  and  Warehouse  Commissioners 
of  the  state  of  Illinois  ;  but  with  the  50c  contour  there  is  a  marked 
change.  The  maximum  rates  fixed  by  the  commissioners  have  been 
abandoned  and  the  line  has  become  convex  towards  Chicago  instead 
of  concave,  with  cusps  on  the  Mississippi  River — one  at  Winona 
and  the  other  near  St.  Louis.  The  trade  of  the  towns  on  the 
Mississippi  River  is  considered  by  the  railways  entering  Chicago  tc 
be  worth  striving  after. 

The  St.  Louis  railroads  have  been  cutting  rates  to  meet  river 
competition,  and  the  Chicago  roads  have  to  follow  their  example  or 
the  commerce  of  the  river  towns  will  go  to  St.  Louis.  The  "long 
and  short  haul"  regulations  of  the  Interstate  Commerce  Commission, 
compels  the  establishment  of  as  low  rates  to  intermediate  points, 
and  the  Mississippi  River  has  produced  a  marked  effect  on  Chicago 
freight  rates  through  the  northwestern  portion  of  the  state  of  Wis- 
consin and  in  southern  Illinois. 

President  Loweth:  Referring  again  to  the  question  of  the  ex- 
tent of  commerce  on  the  Mississippi  River  in  the  last  two  years  as 
compared  with  previous  years,  does*  the  increase  stated  refer  to 
tonnage  or  to  the  number  of  crafts? 

Major  Judson:  The  report  was  made  up,  figuring  the  total  ton- 
nage on  the  river,  in  ton  miles.  There  has  been  an  increase  in 
small,  local  packet  lines,  and  a  number  of  short  lines  are  doing  a 
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fair  business ;  for  instance,  from  Quincy  to  Davenport,  etc.  The 
through  packet  line  from  St.  Paul  to  St.  Louis  which  is  in  existence, 
carries  some  freight  but  the  service  is  principally  for  carrying  pas- 
sengers. 

President  Loweth:  Is  there  not  quite  a  little  local  traffic  in  coal 
and  stone,  from  town  to  town  ? 

Major  Jndson:  There  is  comparatively  little  coal  carried  on  the 
Mississippi  River.  It  has  been  observed  that  the  commerce  on  the 
river  now,  is  principally  confined  to  movements  over  short  distances. 
But  the  larger  business  from  manufacturing  centers,  the  carrying  of 
coal  and  commodities  of  that  kind,  together  with  passenger  business, 
has  dwindled  to  a  large  extent. 

Maj.  T.  H.  Rees  (m.  w.  s.  e.)  :  I  think  it  is  quite  likely  true 
that  the  falling  of!"  in  commerce  on  the  Mississippi  River  has  been 
due  to  the  cutting  away  of  the  forests,  and  the  lumber  business 
having  consequently  decreased. 

Mr.  Warder:  In  the  matter  of  these  ice  harbors, — would  there 
not  be  natural  situations  which  might  not  be  at  a  town  site? 

Col.  Townsend:  At  Lake  City  we  found  it  advisable  to  place 
them  at  the  town,  for  there  was  such  strong  political  pressure  brought 
to  bear  that  it  could  hardly  be  resisted.  The  proper  place  would 
have  been  at  the  end  of  the  point  instead  of  at  the  town.  It  is 
frequently  the  case  that  the  political  pressure  brought  to  bear  is  so 
strong  that  it  cannot  be  resisted.  At  Lake  City  the  town  wanted 
the  harbor  as  a  local  improvement,  but  the  proper  place  would  have 
been  at  the  end  of  the  point  instead  of  at  the  town. 

Mr.  Randolph:  It  is  rather  discouraging  to  those  of  us  who  are 
interested  in  waterways  to  have  cold  water  thrown  on  the  waterway 
project.  I  remember  when  Major  Marshall  was  here  some  years 
ago,  and  I  was  appointed  Chief  Engineer  of  the  Sanitary  District, 
that  he  made  a  statement  to  the  effect  that  he  did  not  believe  at 
all  in  the  project,  but  said,  "I  will  help  you  all  I  can"  in  the  matter. 
He  also  said,  "As  to  this  work  in  connection  with  the  improvement 
of  the  Mississippi  River,  the  Government  could  better  afford  to  burn 
the  boats  on  the  river  and  pay  the  people  who  own  them  to  go 
out  of  business."  His  views  on  that  subject  used  to  amuse  me  very 
much.  He  said,  too,  "I  am  going  to  try  all  the  experiments  I  please 
on  the  Hennepin  canal,  because  if  I  fail  no  harm  will  be  done,  as 
no  boats  will  ever  go  through  it."  When  I  was  in  Washington, 
Col.  Craighie  asked  me  my  opinion  of  Major  Marshall,  which  I 
gave  him.  He  replied,  "We  look  upon  him  as  one  of  the  ablest 
men  in  the  Corps,  but  we  have  to  edit  his  reports." 

In  talking  with  a  gentleman  recently,  he  said,  "What  is  the  good 
of  these  waterways?  There  are  waterways  all  over  the  country 
which  have  been  abandoned.  What  is  the  good  of  them?"  The 
trouble  is,  they  are  too  small  to  do  business  with.  A  locomotive  that 
was  in  use  twenty-five  years  ago  will  not  handle  the  business  of 
today,  and  the  waterways  are  now  too  small  for  the  times.  They 
should  be  brought  up  to  the  business  of  today. 
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Mr.  Warder:     What  type  of  snag  boat  did  you  use? 

Col.  Tozvnscnd:  The  boat  used  was  of  the  type  where  the  cabin 
set  further  back  than  usual,  so  as  to  give  more  room  on  the  main 
deck,  forward.  We  did  not  need  those  large  snag  boats  which  they 
use  on  the  lower  part  of  the  river.  There,  an  elaborate  system  is 
needed  for  the  reason  that  the  banks  are  high.  In  our  work  we 
foui\d  that  a  simple  steam  boat  with  the  cabin  set  back  was  very 
satisfactory;  we  used  heavy  shears  in  front,  then  put  a  little  dyna- 
mite down  and  blew  the  snags  out;  the  snags  were  either  hauled  up 
on  deck  or  were  dragged  to  shore,  where  they  were  dried  out  and 
burned. 

Maj.  Judson:  I  spoke  so  pessimistically  about  some  of  the  work 
we  have  been  doing  that  I  do  want  to  say  that  there  have  been 
wonderful  returns  from  much  of  it,  especially  from  harbor  work. 
1  might  mention  as  an  instance  the  harbor  at  Galveston,  Texas. 
This  cost  between  seven  and  eight  million  dollars  and  it  was  prac- 
tically completed  in  1896.  The  result  of  that  improvement  has 
been  that  large  vessels  come  into  the  docks,  get  their  cotton,  wheat, 
cotton-seed  products  or  ore  and  leave  with  great  despatch,  where 
formerly  they  anchored  out  beyond  the  bar  and  it  took  several 
weeks  to  load  them.  Beyond  a  doubt  the  improvement  of  the 
harbor  at  Galveston  alone  returns  in  wide-spread  benefits  annually, 
a  fair  interest  on  all  the  money  the  United  States  has  expended  for 
river  and  harbor  improvements  all  over  the  country  from  the  be' 
ginning  until  now. 

President  Loweth:  The  development  of  the  electric  railway  ap- 
pears to  be  a  factor  to  be  considered  in  the  present-day  discussion 
of  the  value  of  waterways.  Much  is  said  of  the  need  of  the  develop- 
ment of  the  waterways  throughout  the  country  and  the  public  is 
advised  of  the  large  use  made  of  the  many  waterways  in  Europe, 
and  the  conclusion  is  drawn  that  they  would  be  equally  valuable  here. 
Is  not  the  fact  overlooked  that  electric  railways  are  being  rapidly 
extended?  paralleling  and  connecting  our  inland  cities  much  more 
thoroughly  than  would  be  possible  with  waterways ;  and  these  elec- 
tric railways  serve  the  communities  much  more  efficiently  and  con- 
veniently, and  much  more  promptly  than  any  waterways  could. 
Small  waterways  in  Europe  are  doubtless  used  more  than  they  would 
be  in  this  country,  where  the  demands  of  modern  business  methods 
would  be  impatient  of  the  slow  moving  boats.  Having  the  water- 
ways, Europe  will  doubtless  continue  to  use  them,  but  in  this  country 
where  waterways,  except  in  the  case  of  the  few  large  rivers,  are 
yet  to  be  developed,  it  is  doubtful  if  they  would  keep  pace  with  the 
rapidly  extending  systems  of  electric  railways,  which  in  most  cases 
will  provide  traffic  routes  offering  many  advantages  over  the  smaller 
waterways,  and  even  over  large  waterways  except  for  traffic  moving 
long  distances. 

Mr.  D.  W.  Roper   (m.  w.  s.  e.)  :     In  reading  the  paper  which 
Col.   Townsend   has   presented,   I    noted   that   in   the   earlier   days 
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the  people  were  satisfied  with  a  depth  of  three  feet  and  that  now 
they  want  six  feet.  In  one  case  that  came  under  my  observation 
the  location  of  the  channel  was  changed  quite  radically,  as  the  depth 
of  the  water  was  increased  from  three  feet  to  four-and-one-half  or 
some  other  figure.  The  location  was  in  the  lower  part  of  the  terri- 
tory in  discussion,  and  when  the  three  feet  satisfied  the  people  the 
river  was  diverted  into  the  narrow  chute  between  the  Illinois  shore 
and  an  island.  But  this  chute  having  "a  rock  bottom  three 'feet 
below  the. low  water  level,  it  did  not  suffice  when  they  wanted  a 
greater  depth,  and  so  they  diverted  the  channel  to  the  other  side 
of  the  island.  When  the  portion  of  the  river  channel  between 
Lamont,  Illinois,  and  St.  Louis  is  increased  to  fourteen  feet,  to  what 
extent  will  such  abandonment  of  completed  work  be  necessitated  by 
the  increase  in  the  depth? 

Maj.  Judson:  The  project  as  laid  down  by  the  Board  of  En- 
gineers, proposes  to  abandon  the  river -entirely  and  to  build  a  canal 
from  Grafton  to  Alton,  and  then  from  Alton  to  St.  Louis,  where 
the  slope  is  excessive.  They  propose  to  abandon  the  river  entirely 
and  build  a  lateral  canal. 

Maj.  Rees:  I  am  sorry  that  I  cannot  add  anything  to  what  has 
been  said  tonight,  but  I  have  had  very  little  experience  on  rivers 
anything  like  the  Upper  Mississippi.  I  have  had  some  experience 
on  some  of  the  southern  rivers,  but  the  work  was  of  such  a  different 
character,  and  mainly  in  connection  with  snagging  operations,  that 
it  would  not  be  particularly  interesting  to  describe  it  this  evening. 

Mr.  J.  B.  Berry:  It  occurred  to  me,  when  Major  Judson  was 
making  his  remarks,  that  the  drop  in  rates  is  probably  due  to  the 
overcrowded  condition  of  our  large  cities.  Anyone  who  is  familiar 
with  large  ports,  like  New  York,  will  realize  how  difficult  it  is  to 
get  such  commodities  as  corn  and  cotton  through  those  ports,  hence 
increasing  the  cost  per  ton  very  materially.  At  Galveston  there  is 
a  good  harbor.  I  think  the  Mississippi  River  is  going  to  be  the 
probable  dividing  line  of  business  that  will  come  to  Chicago  and 
that  which  will  go  to  the  South,  and  the  improvements  in  the  river 
will  make  the  cost  per  ton  for  handling  freight  from  the  cars  to  the 
boat  much  less  than  in  our  large  and  crowded  cities.  We  know 
that  in  Chicago  it  somtimes  takes  twenty-four  hours  to  get  a  boat 
from  the  mouth  of  the  river  to  its  loading  place.  This  is  entirely 
relieved  by  opening  these  southern  ports.  Galveston  has  grown 
from  a  million  and  a  half  bales  of  cotton  in  1890  to  about  three 
million  bales.  As  Oklahoma  develops,  those  southern  ports  will  de- 
velop very  rapidly,  not  only  in  cotton  but  corn  and  wheat,  so  that 
the  improvement  of  those  harbors  and  the  lessening  of  the  cost 
is  due  to  the  overcrowded  conditions  of  our  larger  cities. 

Col.  H.  M.  Chittenden  (U.  S.  Engineers,  by  letter)  :  In  the  En- 
gineer district  just  north  of  that  which  Col.  Townsend  has  described, 
very  extensive  works  have  been  carried  out  in  the  interest  of  navi- 
gation on  the  Mississippi,  the  chief  benefits  of  which  are  expected  to 
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innure  to  that  portion  of  the  river  which  is  in  the  lower  district. 
This  is  the  reservoir  system  of  the  Upper  Mississippi  the  greatest 
in  the  world,  and  with  exception  of  the  similar  system  in  Prussia,  the 
only  one  which  has  been  created  for  the  specific  purpose  of  im- 
proving navigation  on  large  natural  water  courses.  The  Mississippi 
system  consists  of  five  reservoirs  with  an  aggregate  capacity  of  93 
billion  cubic  feet  of  water.  As  this  is  nearly  twice  the  mean  annual 
yield  of  the  water  shed,  the  system  operates  to  equalize  not  only 
the  annual  variation  of  flow  but  also  the  flow  from  year  to  year 
and  when  its  functions  become  more  thoroughly  understood,  through 
increased  practice  in  operation  and  longer  records  of  rainfall  and 
runoff,  the  handling  of  the  system  will  be  brought  to  a  still  more 
comprehensive  basis. 

There  has  been  some  doubt  in  the  past  as  to  the  value  of  this 
public  work,  and  in  1905  a  "Board  of  Engineers,"  appointed  to  in- 
vestigate the  system,  made  a  careful  study  of  this  question  to  de- 
termine the  actual  results  in  increased  depth  of  water  at  Saint  Paul, 
under  the  method  of  reservoir  control  then  in  force.  As  this  method 
differed  somewhat  from  that  in  force  at  previous  dates,  and  as  the 
operation  of  the  system  was  interrupted  for  some  years  during  re- 
construction of  the  dams,  the  figures  given  in  the  table  below  are  the 
results  of  the  computation.  The  following  extract  from  the  Board's 
report  gives  their  conclusion  as  to  the  influence  of  the  reservoirs 
on  the  navigable  depth  of  the  river. 

This  report  gives  exhaustive  data  concerning  the  reservoir  system. 
It  is  printed  in  the  Annual  Report,  Chief  of  Engineers  for  1906, 
pp.  1443-1474  and  published  also  separately  in  pamphlet  form  with 
district  officer's  annual  report. 

While  the  scope  of  Col.  Townsend's  paper  does  not  extend  to 
this  subject,  being  restricted  to  a  description  of  works  in  the  lower 
district,  it  would  doubtless  be  of  interest  to  members  of  the  Society 
to  know  his  views  as  to  the  actual  benefits  to  navigation  in  that  dis- 
rict  resulting  from  the  operation  of  the  reservoirs. 

"Computed  Effect  of  Reservoirs  on  Gage  Heights  at  St.  Paul  Under  the 
System  of  Management  Now  in  Force. 


Year 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 


Maximum  Mean 

increase  increase 

in  gage  in  gage 

height  height 

Inches  Inches 

19  12 

32  20 

26  15 

20  14 

27  17 

20  12 

16  3 

22  13 

19  10 

21  6 


Year 

1895 
1896 

1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 


Maximum        Mean 

increase  increase 

in  gage   in  gage 

height    height 

Inches  Inches 


17 
29 

7 
28 
10 
40 
37 
34 

5 
14 


5 
20 

3 
16 

5 
20 

23 

20 

2 

6 
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From  this  table  it  will  be  seen  that  the  highest  maximum  increase  in  low- 
water  depth  in  any  one  year  would  have  been  40  inches,  the  lowest  maxi- 
mum 5  inches,  and  the  mean  of  the  maxima  22  inches.  The  mean  increase 
ranges  from  2  inches  in  1903  to  23  inches  in  1901,  and  the  mean  for  the 
whole  period  is  14  inches.  This  corresponds  very  closely  to  the  estimate  of 
the  Board  of   1887,  quoted   elsewhere   in  this   report. 

There  may  be  a  difference  of  opinion  as  to  which  should  be  the  true  meas- 
ure of  benefit — the  mean  increase  of  gage  height  for  the  twenty  years  or  the 
mean  maximum  increase  during  this  period.  The  Board  favors  the  latter 
figure  because  it  is  precisely  at  the  time  of  the  lowest  water  that  the  help  to 
the  boats  of  an  increase  of  depth  is  most  important. 

There  is  also  some  question  as  to  whether  the  reservoirs  should  be  cred- 
ited with  the  full  increase  of  gage  height  as  a  measure  of  the  benefit  to  the 
channel.  It  is  generally  considered  that  bars  cut  away  more  rapidly  as  the 
water  surface  approaches  them,  and  that  by  holding  the  surface  up  this  cutting 
is  retarded  somewhat  and  may  not  obtain  the  full  depth  that  it  would  if  the 
river  had  been  allowed  to  fall.  The  Board  has  not  the  data  by  which  to  de- 
termine the  application  of  this  theory  to  the  present  case;  but  it  believes  that 
the  effect  is  too  indefinite  to  be  deducted  from  the  general  results  arrived  at 
above. 

Another  question  upon  which  there  is  some  difference  of  opinion  relates  to 
the  distance  to  which  the  influence  of  reservoir  water  extends  below  St.  Paul. 
It  is  generally  considered  that  Lake  Pepin  is  the  limit.  The  Board  is  un- 
able to  discover  an  adequate  basis  for  this  belief.  The  effect  upon  gage- 
heights  of  introducing  a  fixed  supply  of  water  into  a  stream  at  any  point 
diminishes,  of  course,  with  the  progress  downstream.  There  is  some  loss  due 
to  increased  evaporation,  etc.,  but  the  main  cause  of  diminishing  increase  is 
due  to  the  gradual  expansion  in  the  size  of  the  stream,  which  requires  a  con- 
stantly increasing  volume  of  water  to  produce  a  given  increase  in  gage  height. 
The  extent  of  this  influence  depends  somewhat  also  upon  the  stage  of  water 
in  the  river,  increasing  as  the  stage  decreases.  It  appears  that  there  are 
times  when  the  reservoir  flow  into  and  from  Lake  Pepin  is  at  least  equal  to 
the  natural  flow.  It  is  frequently  urged  in  this  connection  that  when  the 
reservoir  water  comes,  it  takes  so  long  to  fill  up  Lake  Pepin  that  it  is  all  lost 
in  storage.  No  such  result  can  follow  under  the  present  method  of  handling 
the  reservoirs.  No  attempt  is  made  to  raise  the  surface  of  the  river  at  Lake 
Pepin,  but  simply  to  keep  them  from  falling.  The  storage  is  already  there. 
Now,  it  would  seem  to  be  a  necessary  result  that  if  the  flow  at  the  outlet 
of  Lake  Pepin  is  maintained  so  that  at  times  it  is  actually  double  what  it 
would  be  normally,  the  gage  reading  must  be  affected  to  an  appreciable  ex- 
tent. The  truth  is,  there  is  no  way  to  determine  this  effect.  It  comes  very 
gradually,  not  in  actual  raising  of  the  water  surface,  but  only  in  preventing 
to  some  extent  its  subsidence,  or  keeping  it  from  falling  as  fast  as  it  otherwise 
would,  and  it  thus  eludes  ordinary  observation  completely." 
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THE  WORK  OF  THE  JOINT  ENGINEERING  STAFF  OF  THE  WISCONSIN  TAX  AND 

RAILROAD  COMMISSIONS 

Wm.  D.  Pence,*  m.w.s.e.,  M.  Am.  Soc.  C.  E. 

Read  December  16,  1908. 

Historical. 

The  engineering  staff  which  jointly  serves  the  Wisconsin  Tax 
Commission  and  the  Railroad  Commission  of  Wisconsin  was  or- 
ganized in  June,  1903,  under  authority  of  the  law  providing  for  the 
assessment  of  the  steam  railroad  properties  of  the  state  on  an  ad 
valorem  basis.  The  size  of  this  staff  ranged  from  a  maximum  of 
about  25  engineers  and  inspectors  at  the  busiest  portion  of  the  first 
year's  work,  down  to  the  minimum  of  two  persons  assisting  the  chief 
engineer  after  the  completion  of  the  initial  valuation  report.  Upon 
this  latter  basis  it  was  found  to  be  practicable  to  carry  forward  the 
annual   revaluations   of   the   steam   road   properties.      In   February, 

1906,  the  first  incumbent  in  the  position  of  engineer  for  the  Tax 
Commission  resigned,  and  his  successor  was  appointed  (July  1, 
1906,)  to  render  joint  service  for  the  Tax  Commission  and  the 
then  recently  created  Railroad  Commission  of  Wisconsin. 

The  1905  law  prescribing  the  ad  valorem  basis  of  assessment 
for  street  railroad  properties  provided  for  the  valuation  work  to 
begin  on  the  initial  inventory  date  of  June  30,  1907,  but  the  work 
was  actually  undertaken  some  six  months  earlier  than  that  date  be- 
cause of  a  complaint  lodged  with  the  Railroad  Commission  respect- 
ing street  car  fares  in  the  city  of  Milwaukee.  To  meet  this  emer- 
gency the  staff  was  reorganized  and  greatly  extended  in  January, 

1907,  and  since  that  date  a  staff  of  from  20  to  30  members  has 
been  required  continuously-  to  meet  the  joint  demands  of  the  two 
commissions.  Immediately  upon  the  completion  of  the  Milwaukee 
valuations  in  July,  1907,  the  field  work  for  the  valuation  of  the 
physical  property  of  the  remaining  street  railway  and  associated 
lighting  companies  of  the  state  was  undertaken,  and  before  the  com- 
pletion of  that  work  active  service  under  the  newly  enacted  public 
utilities  law  was  inaugurated.  Numerous  inspection  duties  have  also 
arisen  in  connection  with  several  other  laws  recently  enacted  or 
amended. 

Following  is  a  brief  outline  of  the  several  laws  under  which  au- 
thorization or  necessity  for  the  use  of  a  technical  staff  serving  the 
two  commissions  has  arisen : 

1.    The  Tax  Commission  Law.     (Wis.  laws,   1905,  chap.  380.)     A  state 
tax  commission  was  created  as  early  as   1897.     The  powers  of  this  commis- 

*Engineer,  Railroad  Commission  of  Wisconsin  and  Wisconsin  Tax  Com- 
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sion  were  extended  by  successive  legislatures  until  1905  when  the  permanent 
State  Tax  Commission  was  organized  on  its  present  basis.  The  tax  commis- 
sioners  are  appointed  by  the  governor  to  eight-year  terms.  The  present  com- 
missioners are:  Judge  N.  S.  Gilson,  chairman,  George  Curtis,  Jr.,  and  Nils 
P.  Haugen,  all  of  whom  have  served  in  a  similar  capacity  since  February, 
1901. 

2.  The  Railroad  Commission  Law.  (Wis.  laws,  1905,  chap.  362.)  This 
law  created  the  Railroad  Commission  of  Wisconsin  and  defined  its  powers 
with  reference  to  the  regulation  of  rates  and  service  of  the  common  carriers 
of  the  state.  With  certain  extensions  enacted  in  1906  and  1907,  the  law  was 
made  to  apply  to  railroads,  street  railways,  express  and  telegraph  companies. 
The  term  of  the  commissioners'  office  is  six  years,  with  appointment  by  the 
governor.  The  present  commissioners  are :  Prof.  Balthasar  H.  Meyer, 
Halford  Erickson  and  John  H.  Roemer. 

3.  The  Steam  Railroad  Ad  Valorem  Assessment  Law.  (Wis.  laws, 
1903,  chap.  315.)  This  law  provides  for  the  taxation  of  steam  railroads  or 
common  carriers  incorporated  under  the  general  railroad  law  on  the  ad  va- 
lorem plan  instead  of  the  gross  earnings  basis  which  had  prevailed  for  many 
years  previous  to  1903. 

4.  The  Street  Railway  Ad  Valorem  Assessment  Law.  (Wis.  laws, 
1905,  chap.  493.)  This  law  substitutes  the  ad  valorem  for  the  gross  earnings 
basis  in  the  taxation  of  so-called  "street  railway"  properties  and  such  lighting 
and  heating  plants  as  may  be  operated  in  association  therewith. 

5.  The  Public  Utilities  Law.  (Wis.  laws,  1907,  chap.  499.)  This  law 
confers  upon  the  Railroad  Commission  regulative  powers  similar  to  those  of 
the  1905  Railroad  Commission  law,  applicable  to  all  properties  engaged  in  the 
conveyance  of  telephone  messages  or  in  "the  production,  transmission,  deliv- 
ery or  furnishing  of  heat,  light,  water  or  power  either  directly  or  indirectly 
to  or  for  the  public,"  and  whether  publicly  or  privately  owned  and  operated. 

6.  Stock  and  Bond  Issue  Law.  (Wis.  laws,  1907,  chap.  576.)  This  law 
provides  for  supervision  by  the  Railroad  Commission  of  the  issue  of  stocks 
and  bonds  of  "public  service  corporations." 

7.  "Public  Convenience  and  Necessity"  Law.  (Wis.  laws,  1907,  chap. 
454.)  This  law  provides  that  a  railroad  corporation  must  secure  from  the 
Railroad  Commission,  in  advance  of  construction  or  other  preliminary  step, 
a  "certificate  that  public  convenience  and  a  necessity  require  the  construction 
of  said  railroad."  Among  the  powers  conferred  upon  the  Commission  is  the 
control  over  the  manner  of  crossing  other  railroads. 

8.  "Two-Mile"  Industry-Track  Law.  (Wis.  laws,  1907,  chap.  352.) 
This  law  provides  for  the  construction  of  tracks  to  industries  located  within 
two  miles  of  a  railroad,  at  the  expense  of  the  owner  of  the  industry,  pro- 
vided the  operation  of  the  track  would  not  be  "unusually  unsafe  and  danger- 
ous." Provision  is  made  for  appeal  to  the  Railroad  Commission  where  rail- 
roads upon  application  refuse  to  construct  such  tracks. 

9.  The  Wisconsin  Valley  Improvement  Association  Law.  (Wis.  laws, 
1907,  chap.  335.)  This  law  authorizes  the  formation  of  an  association  of  all 
owners  of  water  powers  along  the  Wisconsin  river  for  the  purpose  of  estab- 
lishing extensive  reservoirs  at  the  headwaters  for  the  conservation  of  the 
water  supply.  Provision  is  made  that  certain  reports  covering  the  affairs  of 
the  association  be  submitted  semi-annually  to  the  Railroad  Commission  and 
that  certain  administrative  functions  be  performed  by  the   Commission. 

The  services  of  an  engineering  staff  are  also  occasionally  brought 

into  requisition  under  other  Wisconsin  laws  besides  those  outlined 

above.     Among  these   may  be   mentioned  the   law   relating  to   the 

protection  of  railroad  crossings  and  drawbridges  and  that  providing 

for  the  installation  of  bridge  warnings  or  tell-tales. 
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Organization  of  Engineering  Staff. 

The  staff  engaged  in  the  1903  steam  road  valuation  work  was  or- 
ganized under  three  general  heads  or  chiefs  of  departments,  re- 
spectively responsible  to  the  chief  engineer  for  the  valuation  of  the 
permanent  way,  the  lands  and  the  mechanical  features.  With  the 
reorganization  for  the  purpose  of  making  the  street  railway  valu- 
ations, there  were  still  but  three  heads,  the  land  valuations  being 
associated  with  the  "roadway"  group,  and  an  electrical  department 
added.  Under  the  still  wider  scope  to  the  work  of  the  staff  arising 
under  the  administration  of  the  public  utilities  law  within  the  past 
year  or  so,  the  civil  and  mechanical  engineering  groups  have  been 
extended  to  cover  water-works  plants,  the  electrical  engineering 
group  to  include  telephones,  and  two  additional  groups  or  depart- 
ments have  been  established,  viz.,  gas  engineering  and  the  de- 
partment of  gas  and  electric  service  inspections. 

In  its  present  form  the  working  organization  includes  the  fol- 
lowing groups  or  subdivisions:  (1)  Administrative,  (2)  office  staff, 
(3)  civil  engineering  staff,  (4)  mechanical  engineering  staff,  (5) 
electrical  engineering  staff,  (6)  gas  engineering  staff,  (7)  gas  and. 
electric  service  inspections,  and  (8)  miscellaneous.  The  duties  of 
these  several  departments  of  service  as  outlined  below  cover  all 
phases  of  the  work  of  the  two  state  commissions. 

Outline  of  Organization   of  Engineering   Staff. 

1.  Administrative.  Consisting  of  the  engineer,  assistant  engineer 
and  heads  of  departments,  responsible  for  the  direction  of  the  work. 

2.  Office  Staff.  Engaged  in  the  reduction  of  field  notes,  the 
compilation  of  valuation  and  other  reports,  and  the  systematic  col- 
lection and  filing  of  cost  data  and  other  records. 

3.  Civil  Engineering  Staff.  Engaged  in  the  inspection  and 
valuation  of  those  details -of  the  physical  property  of  steam  and 
electric  railways  and  public  utilities  plants  which  are  customarily 
purchased,  constructed,  or  maintained  under  the  direction  of  civil 
engineers ;  including  such  items  as  the  following :  Lands,  track, 
track  structures  and  bridges ;  buildings  and  miscellaneous  structures, 
such  as  gas  holders,  stand-pipes,  reservoirs,  dams,  wells  and  foun- 
dations ;  earthwork  and  paving ;  pipe  distribution  systems  for  water, 
gas  and  steam  heating  plants  including  tunnels  for.  same ;  office  fur- 
niture and  appliances ;  horses  and  wagons ;  tools,  stores  and  sup- 
plies pertaining  to  the  foregoing  items ;  etc.  Also  investigations,  in 
co-operation  with  other  departments,  with  a  view  to  suggest  im- 
provements in  the  operating  conditions  of  railways,  water-works 
plants,  etc. 

4.  Mechanical  Engineering  Staff.  Engaged  in  the  inspection 
and  valuation  of  those  details  of  the  physical  property  of  steam  and 
electric  railways  and  public  utilities  plants  which  are  customarily 
purchased,  constructed  or  operated  under  the  direction  of  mechan- 
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ical  experts  or  engineers ;  including  such  items  as  the  following : 
Power  plant  machinery  and  equipment  (exclusive  of  electrical  fea- 
tures) ;  steam  and  hot  water  plants  (except  street  mains)  ;  steam 
road  locomotives  and  rolling  stock ;  shop  tools  and  machinery ;  tools, 
stores  and  supplies  pertaining  to  the  above  items ;  etc.  Also  investi- 
gations, in  co-operation  with  other  departments,  with  a  view  to  sug- 
gest improvements  in  the  operating  conditions  of  water-works, 
heating  plants,  power  plants,  etc. 

5.  Electrical  Engineering  Staff.  Engaged  in  the  inspection  and 
valuation  of  those  details  of  the  physical  property  of  steam  and 
electric  railways  and  public  utilities  plants  which  are  usually  con- 
structed, purchased  or  operated  under  the  direction  of  electrical 
experts  or  engineers,  including  electrical  machinery  and  appliances 
in  power  plants  and  elsewhere ;  electric  railway  rolling  stock ;  elec- 
trical distribution  systems,  overhead  and  underground ;  telephone 
plants ;  signaling  appliances ;  tools,  stores  and  supplies  related  to  the 
above  items,  etc.  Also  investigations,  in  co-operation  with  other 
departments,  with  a  view  to  suggest  improvements  in  the  operating 
conditions  of  electric  railways,  power  plants,  telephone  properties, 
etc. 

6.  Gas  Engineering  Staff.  Engaged  in  the  inspection  and  valu- 
ation of  machinery  and  appliances  for  the  manufacture  of  gas ; 
tools,  stores  and  supplies  pertaining  to  the  same ;  etc.  Also  investi- 
gations, in  co-operation  with  other  departments,  with  a  view  to  sug- 
gest improvements  in  the  operating  conditions  of  gas  plants. 

7.  Gas  and  Electric  Service  Inspections.  Engaged  in  inspec- 
tions and  investigations  of  gas  and  electric  service ;  studies  with 
reference  to  the  establishment  and  revision  of  standards  of  service 
and  the  formulation  of  rules  for  the  same ;  tests  and  calibrations 
of  instruments  used  in  service  measurements ;  investigations  with 
reference  to  the  electrolysis  of  water  and  gas  mains ;  etc.  Also  in- 
vestigations, in  co-operation  with  other  departments,  with  a  view  to 
suggest  improvements  in  the  operating  conditions  of  gas  and  elec- 
tric plants. 

8.  Miscellaneous.  Experts  engaged  temporarily  for  special  serv- 
ice of  various  kinds,  either  independently  or  in  co-operation  with  one 
or  more  of  the  foregoing  departments.  Such  service  hitherto  ren- 
dered has  included  such  matters  as  the  following:  Consultation 
with  prominent  architect  relative  to  valuation  of  a  costly  city  build- 
ing; service  of  expert  in  investigations  as  to  the  safety  of  an  im- 
portant bridge  ;  expert  valuation  of  the  horses,  harness,  etc.,  belonging 
to  a  large  electric  railway  and  lighting  company ;  expert  assistance 
in  establishing  a  basis  for  valuing  street  railway  special  work ;  etc. 

The  basis  of  appointment  of  the  staff  is  provided  for  in  part  by 
a  formal  rule  of  the  Civil  Service  Commission,  and  in  part  by 
special  authorizations  given  from  time  to  time  by  the  Railroad 
Commission  for  the  employment  of  experts  under  the  provisions  of 
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the   public   utilities   and    railroad    commission   laws.      The    designa- 
tions or  titles  of  the  staff  members  is  given  below : 

Engineer  in  Charge  (for  the  two  commissions). 

Consulting  Engineer   (for  occasional  service). 

Assistant  Engineer  (office  engineer). 

Civil  Engineer  Inspector. 

Chief  Mechanical  Inspector. 

Chief  Electrical  Inspector. 

Expert  on  Light  and  Heat. 

Field  Civil  Engineer  Inspector. 

Field  Mechanical  Inspector. 

Field  Electrical  Inspectors. 

Inspector  of  Gas  Service. 

Inspector  of  Electric  Service. 

Assistant  Inspectors  of  Gas  and  Electric  Service. 

Assistant  Field  Inspectors. 

Experts   (for  occasional  service). 

Engineering  Computers. 

Clerks  and  Stenographers. 

For  reasons  of  economy  or  efficiency  it  has  been  found  expedient 
in  some  cases  temporarily  to  combine,  and  in  still  others  to  subdi- 
vide, the  duties  and  responsibilities  of  certain  of  the  positions  given 
in  the  foregoing  list.  At  the  present  time,  for  example,  the  assistant 
engineer  performs  the  duties  of  office  engineer  and,  in  a  measure, 
of  the  civil  engineer  inspector  as  well.  Similarly,  the  expert  on 
light  and  heat  is  at  present  chiefly  responsible  for  the  star!  work 
of  the  two  related  departments  of  gas  engineering  and  gas  and  elec- 
tric service  inspections.  The  duties  of  chief  electrical  inspector, 
on  the  contrary,  are  at  present  shared  by  two  field  electrical  in- 
spectors responsible  for  the  inspections  and  valuations,  one  primarily 
of  the  electrical  machinery  and  rolling  stock  group,  and  the  other  of 
the  electrical  distribution  systems  and  telephone  properties. 

It  should  be  stated  that  membership  on  the  staff  is  based  upon 
ascertained  fitness  for  the  special  service  for  which  the  appointment 
is  made.  There  is  entire  freedom  from  political  or  other  influence 
both  in  the  matter  of  appointment  and  in  the  tenure  of  position  on 
the  staff.  The  tenure  of  service  has  been  steady,  the  roll,  except 
for  the  additions,  being  much  the  same  as  that  established  early  in 
1907.  The  practice  followed  by  the  Railroad  Commission  in  its  other 
departments  of  service  of  requiring  each  employe  to  report  daily 
the  actual  hours  devoted  to  the  state  work,  is  observed  by  the  tech- 
nical staff. 

The  present  membership  of  the  technical  staff  consists  almost  ex- 
clusively of  graduates  of  engineering  schools,  and  about  60  per 
cent,  of  the  permanent  staff  are  graduates  of  the  University  of 
Wisconsin.  Seven  members  of  the  regular  staff  are  also  members 
of  the  faculty  of  the  College  of  Engineering,  University  of  Wis- 
consin, among  this  number  being  the  engineer  in  charge,  the  chiei 
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mechanical  inspector  and  the  expert  on  light  and  heat.  Five  other 
members  of  the  teaching  force  of  the  engineering  college  also  ren- 
der occasional  service  on  the  commission's  staff.  It  is  proper  to 
say  in  this  connection  that  this  is  but  one  of  many  instances  in 
Wisconsin  of  active  participation  by  university  men  in  professional 
service  on  behalf  of  the  state.  Such  participation  is  encouraged 
by  the  Board  of  Regents  and  President  of  the  University,  both  on 
account  of  a  recognized  obligation  to  the  state  which  provides  sup- 
port, and  because  of  the  stimulus  given  to  the  work  of  the  Univer- 
sity through  outside  contact  of  this  kind. 

Valuation  Work  ey  the  Staff. 

The  valuations  reported  to  the  commissions  by  the  engineering 
staff  have  been  confined  throughout  to  the  physical  property,  with- 
out regard  to  intangible  elements.  For  a  given  inventory  covering 
the  items  of  any  particular  property,  a  definite  value  is  fixed  upon 
a  fair  basis  as  to  unit  prices,  etc.,  and  the  results  are  reported  by 
the  staff  at  a  definite  amount,  irrespective  of  the  uses  to  which  the 
figures  are  to  be  applied.  These  determinations  are,  by  intention, 
entirely  free  from  bias.  Every  reasonable  effort  is  made  to  get  at 
the  exact  truth  in  regard  to  local  conditions.  The  figures  are  sub- 
ject to  revision  upon  finding  evidence  of  defects  of  inventory,  errors 
of  judgment  or  other  element  likely  to  vitiate  results.  After  sub- 
mitting the  valuation  reports  to  the  commission  opportunity  is  given 
for  further  conference  and  hearing  upon  any  or  all  items  of  the 
physical  valuation. 

In  certain  public  utilities  cases  the  owners,  and  in  a  few  cases 
the  cities  as  well,  have  employed  experts  to  give  testimony  on  values 
before  the  Railroad  Commission.  In  one  or  two  such  cases  the  state 
engineering  staff  has  submitted  to  the  representatives  of  the  utilities 
company  and  the  city  an  "informal"  valuation  report  to  serve  as  a 
basis  for  preliminary  conference  and  discussion.  This  preliminary 
report,  after  due  consideration  in  the  light  of  added  data  and  infor- 
mation, is  succeeded  by  the  "tentative"  valuation  report  which  is 
submitted  to  the  Railroad  Commission  as  a  part  of  the  formal 
record  in  the  case,  to  be  considered  with  other  evidence.  Before 
making  up  a  final  decision  in  the  case  the  Commission  gives  the 
engineer  an  opportunity  to  review  the  record  and  submit  a  supple- 
mentary report,  in  which  are  presented  revisions  or  comments  bearing 
upon  the  original  or  "tentative"  valuation  report. 

The  valuation  work  performed  by  the  engineering  staff  falls 
under  four  heads,  viz. : 

(i)  Valuations  of  the  physical  property  of  the  steam  railroads 
of  the  state. 

(2)  Of  the  street  railway  and  associated  properties. 

(3)  Of  the  public  utilities. 

(4)  Of  public  service  corporation  properties  in  connection  with 
stock  and  bond  issues. 
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The  accompanying-  tabulation  includes  the  total  valuations  for  one 
year's  work  each  for  the  steam  railroad  and  electric  railway  proper- 
ties, and  all  of  the  physical  valuation  work  thus  far  reported  upon 
under  the  public  utilities  and  bond  issue  laws,  the  last  two  classes 
covering  a  period  of  somewhat  more  than  a  year's  time. 

Cost  of  Reproduction. 

(a)  Steam  Railroad  Properties.  Property  New         Present 
Fifty-two      (52)      properties      aggregating      7,000 

miles ;  inventory  date  June  30,  1907 ;  fourth  an- 
nual re-valuation  under  the  1903  ad  valorem 
law    $244,128,868    $196,239,314 

(b)  Street  Railway  Properties. 
Twenty-four    (24)    street   and   interurban   proper- 
ties with  ten   (10)   associated  lighting  and  heat- 
ing  properties;    inventory   date   June    30,    1907; 

first  valuation  under  1905  ad  valorem  law 26,783,620        21,208,010 

(c)  Public  Utilities  Properties. 

Twenty- four  (24)  public  utilities  properties; 
varying  inventory  dates;  valuations  under  1907 
law    6,405,521  5,440,605 

(d)  For  Stock  and  Bond  Issues. 

Five  (5)  properties  valued  and  reports  made  un- 
der   1907   law 305,576  270,008 

$277,623,585    $223,157,937 
Valuations  of   Physical  Property   of   Wisconsin   Steam 

Railroads. 
The  Tax  Commission,  by  authority  given  in  section  27  of  the 
steam  railroad  assessment  law,  on  June  3,  1903,  appointed  as  its 
expert  engineer  Prof.  Wm.  D.  Taylor,*  Professor'  of  Railway 
Engineering,  University  of  Wisconsin.  Under  instructions  from 
the  Commission,  Mr.  Taylor  consulted  with  Prof.  Mortimer  E. 
Cooley,  of  the  University  of  Michigan,  under  whose  direction  the 
Michigan  railroad  appraisals  of  1900-1901  had  been  made.  Acting 
upon  the  information  and  valuable  suggestions  furnished  by  Mr. 
Cooley,  the  preliminary  plans  for  the  Wisconsin  appraisals  were 
developed  in  a  comparatively  short  time,  and  certain  features  of  the 
Michigan  methods  were  improved  upon.  The  most  important  dif- 
ference in  the  basis  employed  in  the  two  state  appraisals  related  to 
the  method  of  working  out  the  inventories  and  to  the  extent  to 
which  the  state  staff  made  actual  detailed  field  inspections  of  the 
physical  property.  In  the  Michigan  appraisals  the  state  staff  took 
the  initiative  in  preparing  the  inventories  and  made  extensive  and 
independent  field  examinations  of  the  railroad  property.  This  work 
was  then  largely  duplicated  by  the  companies  themselves  so  as  to 
be  able  to  check  up  the  figures  obtained  by  the  state  staff,  and  to  an 
extent  a  third  process  was  required  in  the  final  compilations  in  order 
to  reconcile  the  two  more  or  less  independent  appraisals. 

*Professor  Taylor  served  as  engineer  to  the  Wisconsin  State  Board  of 
Assessment  until  February  1,  1906,  when  he  resigned  to  become  Chief  Engi- 
neer of  the  Chicago  &  Alton  Railway.  His  successor  was  appointed  on  July 
1,1906,  to  serve  the  two  state  commissions  jointly. 
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With  a  view  to  eliminate  this  costly  and  seemingly  unnecessary 
repetition  of  work  the  Wisconsin  Tax  Commission,  upon  the  advice 
of  its  engineer,  suggested  to  the  representatives  of  the  important 
lines  of  the  state  that  the  companies  undertake  to  inventory  and 
value  their  own  properties  for  submission  to  the  Board.  To  this 
suggestion  the  companies  readily  assented,  and  in  the  plan  of  work 
subsequently  adopted  it  was  arranged  that  any  portion  or  all  of  the 
inventoried  property  might  be  reviewed  by  the  state  staff,  accord- 
ing to  the  judgment  of  the  Commission's  engineer.  Such  reviews 
of  the  valuation  when  finally  made  fully  confirmed  the  spirit  of  good 
faith  with  which  the  representatives  of  the  roads  responded  to  the 
open-minded  attitude  of  the  Commission  and  its  engineer  towards 
the  companies ;  and  it  may  be  added  that  the  spirit  of  fairness  in- 
augurated in  the  initial  appraisals  has  prevailed  throughout  the  suc- 
cessive annual  revisions  of  the  steam  road  valuations. 

In  view  of  the  very  complete  presentation  of  the  methods  em- 
ployed on  these  earlier  steam  road  valuations  heretofore  published,* 
it  is  deenied  unnecessary  to  give  space  to  a  repetition  of  the  same 
in  this  connection. 

Mr.  Taylor,  at  the  conclusion  of  his  report  to  the  State  Board 
of  Assessment  above  referred  to,  makes  the  following  comment 
with  regard  to  the  matter  of  keeping  the  valuations  up  to  date  by 
annual  revisions : 

It  should  not  ever  again  be  necessary  to  make  as  expensive 
an  investigation  as  this  has  been  to  determine  the  value  of  the 
tangible  railway  property  of  the  state.     And  if  the  future  as- 
sessments for  taxation  are  to  be  in  any  wise  determined  by  the 
value  of  railway  physical  property,  and  if  a  rate-making  rail- 
way commission  is  to  be  constituted  in  the  state  which  shall 
give  any  weight  whatever  to  the  investment  in  physical  prop- 
erty in  deciding  upon  rates  for  freight  and  passenger  traffic, 
it  will  be  necessary  to  keep  the  appraisal  of  these  properties 
reasonably  well  up  to  date.     It  has  been  said  that  no  item  of 
railway   property,   tangible   or   intangible,   remains   constant   in 
value.     Traffic  and  the  value  of  land  and  terminals  fluctuate 
with  the  tide  of  business  prosperity.     Rolling  stock,  rail,  and 
structures  all  depreciate  and  the  roadbed  appreciates  with  use. 
Thus  it  seems  that  with  this  appraisal  as  a  basis  it  would  be 
advantageous  to  work  the   appraisal   of  the   roads  over  again 
annually.     Counting  upon  the  assistance  of  the  railroads  this 
can  be  done  with  a  comparatively  small  force  and  ^t  a  com- 
paratively small  expense. 
In  line  with  the  foregoing  plan  the  engineer  had  previously  sup- 
plied to  each  railway  company  a  copy  of  the  corrected  detail  sum- 
mary sheets  pertaining  to  its  property,  and  early  in  1905  also  sent 
to  each  road  two  sets  of  blank  report  forms  relating  to  the  physical 
property  in  detail,  stamped  respectively  with  the  words  "Deductions 
*Sec  Report  of  Wisconsin  Tax  Commission,  1907,  pp.  269-293. 
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from  property  June  30,  1903,  to  June  30,  1904,"  and  "Additions  to 
property  June  30,  1903,  to  June  30,  1904."  These  blanks  when 
filled  out  and  returned  to  the  engineer  formed  the  basis  of  revisions 
of  the  original  appraisals  of  1903  whereby  the  valuations  were 
brought  up  to  the  second  inventory  date  of  June  30,  1904. 

With  reference  to  the  rate  of  progress  on  such  work  some  interest 
attaches  to  the  "lag"  or  interval  of  time  elapsing  from  the  nominal 
date  of  inventory  for  the  steam  road  valuations  to  that  of  final 
completion  of  the  valuation  report.  This  interval  for  the  several 
valuations  has  varied  as  follows : 

1st  valuation,  inventory  of  June  30,   1903,  16  months. 

2nd  valuation,  inventory  of  June  30,  1904,  14^/2  months. 

3rd  valuation,  inventory  of  June  30,  1905,  11^2  months. 

4th  valuation,  inventory  of  June  30,  1906,  14  months. 

5th  valuation,  inventory  of  June  30,  1907,  17  months. 

In  explanation  of  the  above  figures,  it  may  be  stated  that  in  the 
initial  or  pioneer  valuations  as  of  inventory  date  June  30,  1903, 
there  were  the  unavoidable  delays  incident  to  the  organization  of 
the  staff,  the  formulation  of  plans  for  the  work,  and  other  elements 
entering  into  the  earlier  steps  of  any  undertaking  of  large  magni- 
tude. In  the  annual  revisions  the  chief  cause  of  delay  has  been  the 
time  required  by  certain  railway  companies  in  the  preparation  of 
their  reports  of  additions  and  deductions.  The  third  report  (second 
annual  revision)  was  compiled  under  exceptionally  favorable  circum- 
stances. The  fourth  required  a  longer  time  to  complete,  partly  be- 
cause of  a  delay  in  the  receipt  of  reports  of  property  changes  on  one 
or  two  of  the  larger  roads,  and  in  part  by  the  fact  that  the  engineering 
staff  was  engaged  for  the  first  time  in  the  valuations  of  street  rail- 
way properties.  The  increased  time  required  to  compile  the  fifth 
and  most  recent  steam  road  report  (as  of  date  June  30,  1907)  was 
due  mainly  to  unusual  demands  upon  the  staff  in  connection  with 
valuations  and  inspections  under  the  public  utilities  law  late  in  1907. 
By  increasing  the  size  of  the  staff  somewhat  in  one  department  and 
assigning  certain  of  the  staff  members  exclusively  to  the  valuations 
for  taxation  purposes,  it  appears  that  the  steam  and  electric  road 
valuation  reports  may  hereafter  be  compiled  within  less  than  a  year 
of  the  date  of  inventory. 

Proposed  Revision  op  Methods  :  The  plan  above  described  has 
been  followed  in  each  of  the  several  successive  annual  revisions 
up  to  and  including  the  fifth.  In  the  1903  plan  the  cost  of  repro- 
duction was  "assumed  to  be  what  it  would  cost  to  reproduce  the 
road  at  the  average  prices  prevailing  for  the  period  of  five  years 
ending  June  30,  1902,"  that  is,  one  year  preceding  the  date  of  in- 
ventory. Through  the  excellent  spirit  of  cooperation  which  per- 
vaded the  1903  valuation  work  a  series  of  unit  prices  based  on  the 
above  assumption  was  worked  out  and  adopted.  While  it  has  been 
practicable  to  make  annual  revisions  in  the  unit  prices  for  steel  rail 
and  a   few  similar  materials  subject  to  current  market  quotations, 

February,  1909 


82  Pence — Wisconsin  Tax  R.  R.  Commission 

there  have  been  no  systematic  revisions  in  the  unit  prices  with 
respect  to  many  kinds  of  the  physical  property  involved  in  the  in- 
ventories of  these  steam  road  properties.  Five  years  have  elapsed 
since  these  valuations  were  undertaken,  and  during  this  period  there 
have  been  many  radical  changes  in  the  cost  of  labor  and  materials 
involved  in  railroad  construction.  Notwithstanding  the  temporary 
reaction  in  prices  during  the  past  year  or  so,  it  is  certain  that  some 
important  items,  such  as  ties  and  structural  timber,  will  never  re- 
sume their  former  basis  of  cost. 

Another  matter  which  requires  careful  consideration  in  this  same 
connection  is  the  advance  in  land  values  throughout  the  state.  .No 
account  has  been  taken  of  this  factor  in  the  annual  revisions,  the 
land  values  originally  established  having  been  used  without  change 
in  the  annual  re-valuations.  There  is  also  need  to  investigate  fur- 
ther the  matter  of  ratio  of  cost  of  acquiring  rights-of-way  as  com- 
pared with  the  normal  or  average  local  land  values  for  other  than 
railroad  purposes,  and  these  studies  should  be  carried  still  further 
to  cover  the  cost  of  acquiring  lands  for  terminal  purposes  in  the 
larger  cities. 

Recent  conferences  with  railway  officials  touching  the  foregoing 
matters  indicate  that  the  railroad  companies  are  desirous  of  co- 
operating in  any  steps  designed  to  maintain  the  valuations  on  the 
high  standard  established  in  the  original  valuation  work  of  1903- 
1904.  As  a  result  of  these  conferences  and  of  discussions  with  the 
state  commissions  a  critical  study  of  the  methods  heretofore  used 
in  the  various  Wisconsin  valuations  and  in  those  of  other  states 
is  being  made  by  the  staff  with  a  view  to  recommend  improvements 
upon  the  present  practice  wherever  practicable.  It  now  appears  that 
these  revisions  of  method  may  be  carried  into  effect,  at  least  in  part, 
in  making  the  next  (sixth)  steam  railroad  valuation  report. 

Valuation  of  Milwaukee  Street  Railway  Properties. 

The  steps  leading  up  to  the  valuation  of  the  street  railway 
properties  of  the  state  for  the  purposes  of  the  two  commissions 
have  already  been  mentioned  in  the  introduction  to  this  paper.  The 
staff  as  organized  in  the  initial  work  at  Milwaukee  in  January, 
1907,  included  the  following  roll : 

En  jineer  of  the  two  Commissions. 

Consulting  Engineer. 

Assistant  Engineer. 

Chief  Roadway  Inspector. 

Chief  Mechanical  Inspector. 

Chief  Electrical  Inspector. 

Field  Roadway  Inspector. 

Field  Mechanical  Inspector. 

Field  Electrical  Inspector. 

A  staff  of  assistant  inspectors,  office  assistants  and  stenographers. 
Total  staff  roll,  23  persons. 
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The  more  responsible  staff  positions  were  filled  chiefly  from 
those  previously  engaged  on  the  steam  road  valuations  of  Wiscon- 
sin in  1 903- 1 904  and  from  the  staff  employed  in  the  1906  electric 
railway  appraisals  at  Chicago.  Mr.  Bion  J.  Arnold,  of  Chicago, 
was  called  in  consultation  and  arrangements  made  whereby  several 
members  of  the  special  staff  previously  engaged  under  his  direc- 
tion in  the  Chicago  valuation  work  were  transferred  temporarily 
for  service  on  the  Wisconsin  engineering  staff.  Mr.  George  Wes- 
ton, previously  assistant  chief  engineer  on  the  Chicago  appraisals, 
was  appointed  chief  electrical  inspector  on  the  Milwaukee  work, 
and  field  electrical  and  mechanical  inspectors  were  similarly  en- 
gaged. Other  experts  were  drawn  from  various  sources,  each  per- 
son being  selected  with  particular  reference  to  his  fitness  for  the 
intended  service.  Within  three  weeks'  time  after  authorization 
was  given  to  proceed  with  the  work,  practically  the  entire  staff 
were  on  the  ground  engaged  in  the  preliminary  examinations  of 
the  property  to  be  valued. 

At  the  preliminary  conference  held  early  in  February  between 
representatives  of  the  two  state  commissions,  the  city  of  Milwaukee 
and  the  street  railway  company,  it  was  agreed  that  the  date  of  in- 
ventory should  be  December  31,  1906,  for  the  purposes  of  the  Rail- 
road Commission  and  June  30,  1907,  for  the  report  to  the  State 
Board  of  Assessment,  the  latter  date  being  in  accordance  with  the 
1905  ad  valorem  assessment  law-  It  was  stipulated  by  the  represent- 
atives of  the  state  commissions  at  this  conference  that  the  basis  of 
the  valuation  of  the  physical  property  would  be  identical  except  as 
the  inventory  and  the  condition  of  the  property  itself  might  differ 
at  the  two  inventory  dates.  It  was  the  original  idea  that  the  street 
railway  company  should  furnish  a  complete  inventory  of  its  prop- 
erty, but  certain  delays  occurred  which  led  to  a  change  in  plan 
whereby  the  state  engineering  staff  undertook  the  preparation  of  the 
inventory  from  the  company's  records  and  by  field  examinations. 
It  was  roughly  estimated  at  the  start  that  the  work  could  be  com- 
pleted in  about  three  months'  time  but  the  actual  time  required  was 
five  and  one-half  months,  the  final  report  being  submitted  on  July 
13,  1907. 

The  classification  of  the  property  adopted  in  this  report  on  the 
Milwaukee  properties  was  as  follows : 

Group   1.     Land   (right-of-way  and  other). 


Group  2 
Group  3 
Group  4 
Group  5 
Group  6 
Group  7 
Group  8 
Group  9 


Track  and  Track  Structures. 
Cars   and   Car   Equipment. 
Electrical  Distribution  System. 
Power  Plant  Equipment. 
Buildings  and  Miscellaneous  Structures. 
Office  Furniture  and  Appliances. 
Tools,  Implements  and  Machinery. 
Horses,  Wagons  and  Miscellaneous. 


Total  of  Items  1-9. 
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Group   10.     (See  note  below). 
Total  of  Items  i-io. 

Group  ii.     Stores  and  Supplies. 
Total  of  Items  i-ii. 

Group  12.     Paving. 

Total  of  Items  1-12. 

Note — Group  10  is  the  addition  of  a  percentage  to  cover  engineer- 
ing and  supervision,  interest  during  construction,  contingencies,  etc. 

The  final  report  included  the  entire  property  owned  by  the  Mil- 
waukee companies,  known  locally  as  the  "Beggs  properties,"  viz., 
the  city  railway  lines  (123.6  miles)  and  the  associated  lighting  prop- 
erties (The  Milwaukee  Electric  Railway  and  Light  Co.),  the  country 
or  interurban  railway  lines  (144.2  miles)  and  the  associated  lighting 
properties  at  Racine  and  elsewhere  (Milwaukee  Light,  Heat  & 
Traction  Co.),  and  the  Milwaukee  steam  heating  company  (The 
Milwaukee  Central  Heating  Company).  One  exhibit  in  the  report 
showed  the  property  classified  under  the  heads  "Railway  Only," 
"Light  and  Power,"  "Steam  Heat,"  and  "Other  Property."  An- 
other exhibit  classified  the  railway  property  only  under  "Operating" 
and  "Non-Operating."  A  third  showed  the  operating  railway  prop- 
erty under  city  lines  (T.  M.  E.  R.  &  L.)  and  interurban  lines  (M.  L. 
H.  &  T.).  A  fourth  classified  the  non-operating  railway  property 
in  a  similar  way.  The  total  physical  valuation  including  all  the  prop- 
erties mentioned  above  for  the  inventory  date  of  December  31, 
1906,  amounted  to  $18,435,960  for  the  property  now,  and  $14,864,- 
849  for  the  property  in  existing  condition. 

Physical  Valuation  of  Other  Wisconsin  Street  Railway 

Properties. 

Immediately  upon  the  completion  of  the  formal  report  upon  the 
valuation  of  the  Milwaukee  street  railway  properties  the  field  work 
for  the  valuation  of  the  remaining  electric  railway  lines  of  the  state 
was  undertaken.  The  size  of  the  staff  was  somewhat  reduced  and 
the  organization  modified  in  some  respects  to  meet  the  varying  con- 
ditions. Of  these  additional  electric  railway  lines,  numbering  in  all 
22  properties,  about  one-half  are  operated  in  association  with  pub- 
lic utilities,  properties  supplying  electric  light  and  power  service. 
As  already  stated,  this  field  work  on  the  street  railway  properties 
chanced  to  be  undertaken  immediately  after  the  enactment  of-  the 
public  utilities  law  (July,  1907)  and  it  was  then  foreseen  that  the 
results  of  such  work  might  ultimately  be  required  by  the  Railroad 
Commission  in  rate  complaint  cases.  In  view  of  this  development 
the  methods  and  basis  used  in  the  work  were  critically  reviewed  in 
the  light  of  the  experience  in  the  Milwaukee  valuations,  and  certain 
modifications  and  improvements  adopted.  The  field  work  on  these 
remaining  electric  railway  properties  occupied  a  period  of  about 
three  months  and  the  office  work  an  additional  period  of  approxi- 
mately two  months. 
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The  methods  of  field  work  employed  on  the  street  railway  proper- 
ties had  much  in  common  with  those  used  in  the  steam  road  valua- 
tions, particularly  as  regards  the  details  relating  to  roadbed,  track 
structures,  etc.  However,  the  inclusion  of  so  many  electric  light- 
ing plants  with  these  operating  properties  placed  many  features  of 
these  street  railway  valuations  upon  an  identical  basis  with  the 
utilities  valuations.  Reference  is  made  to  the  detail  description  of 
these  methods  given  below  under  the  head  of  public  utilities. 

An  effort  was  made  to  have  each  street  railway  company  through- 
out the  state  prepare  a  detailed  inventory  and  valuation  of  its  own 
property,  as  in  the  case  of  the  larger  roads  in  the  1903  steam  road 
valuation.  It  was  soon  found,  however,  that  the  smaller  electric 
lines  were  in  much  the  same  condition  as  were  the  smaller  steam 
roads  in  1903  in  that  they  lacked  the  records  and  the  requisite  skilled 
staff  to  prepare  these  valuation  reports.  The  Milwaukee  company, 
operating  roughly  one-half  the  street  railway  mileage  of  the  state 
under  one  management,  alone  of  all  the  23  street  railway  companies 
concerned  in  these  valuations  had  the  necessary  records  and  staff. 
It  is  believed  that  the  Milwaukee  company  would  have  submitted 
its  own  valuation  to  the  Commission  for  review  had  there  been  suf- 
ficient time  for  its  preparation,  as  in  the  1903  valuations  of  the 
larger  steam  roads. 

Physical  Valuations  Under  the  Public  Utilities  Law. 

The  following  definition  of  the  term  "public  utility"  is  quoted 
(section  1797111-1)  to  indicate  the  sweeping  character  of  this  law: 

The  term  "public  utility"  as  used  in  this  act  shall  mean  and 
embrace  every  corporation,  company,  individual,  association  of 
individuals,  their  lessees,  trustees  or  receivers  appointed  by  any 
court  whatsoever,  and  every  town,  village  or  city  that  now  or 
hereafter  may  own,  operate,  manage  or  control  any  plant  or 
equipment  or  any  part  of  a  plant  or  equipment  within  the  state, 
for  the  conveyance  of  telephone  messages  or  for  the  production, 
transmission,    delivery  or   furnishing   of   heat,   light,   water   or 
power  either  directly  or  indirectly  to  or  for  the  public. 
The  law  prescribes  (section  1797U1-5)  that  "the  Commission  shall 
value  all  the  property  of  every  public  utility  actually  used  and  use- 
ful  for  the  convenience  of  the  public,"  and  further  provides  that 
"in  making  such  valuation  the  Commission  may  avail  itself  of  any 
information  in  possession  of  the  state  board  of  assessment." 

As  stated  above,  the  methods  now  employed  by  the  engineering- 
staff  in  the  valuation  of  the  physical  property  of  public  utility  plants 
are  in  many  respects  in  close  agreement  with  those  adopted  early 
in  1907  for  the  valuation  of  the  electric  railway  properties  of  the 
state  for  the  joint  purposes  of  the  two  commissions.  These  method? 
in  general  embrace  the  following  distinct  steps  or  processes : 

1.  The  preparation  of  a  detailed  descriptive  inventory. 

2.  Field  examinations  of  the  property  by  a  trained  staff. 
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3.  Determination  of  the  "cost  new"  of  each  item. 

4.  Estimation  of  the  depreciation  on  each  item  of  property. 

5.  Calculation  of  the  present  value. 

6.  Summing  up  the  detailed  valuations  by  groups. 

Preliminary  Conferences:  As  an  initial  step  in  each  important 
utilities  valuation  it  is  customary  for  the  commission's  engineer  to 
hold  a  joint  conference  with  representatives  of  the  company  and 
the  city,  at  which  conference  a  formal  request  is  extended  on  behalf 
of  the  commission  that  all  interested  parties  co-operate  to  the  fullest 
extent  possible  with  the  commission's  staff  in  getting  at  the  facts 
with  reference  to  local  conditions.  These  conferences  have,  as  a 
rule,  resulted  satisfactorily  and  in  but  few  instances  have  the  respon- 
sible officials  of  utilities  companies  or  cities  seemed  disposed  to 
withhold  information  and  assistance,  and  then  only  temporarily. 

Inventories  of  Physical  Property:  The  preparation  of  pre- 
liminary inventories  or  descriptive  check  lists  of  the  properties  has 
been  entrusted  to  the  responsible  officials  of  the  public  utilities  com- 
panies wherever  practicable.  Although  in  some  cases  this  process 
has  been  found  to  lead  to  undesirable  delays  in  the  earlier  stages  of 
the  work,  it  is  believed,  in  general,  to  result  ultimately  in  a  saving 
of  time.  In  cases  where  no  inventory  is  supplied  in  advance  by 
the  company,  the  engineering  staff  before  taking  up  the  actual  field 
work  examines  such  office  records  as  the  company  may  have  and 
prepares  a  tentative  check  list  for  field  use. 

Field  Examinations:  The  field  examinations  of  the  physical 
property  begin  with  a  careful  checking  up  of  the  inventory.  For 
example,  after  a  machine  or  any  other  item  of  property  has  been 
identified  with  respect  to  the  check  list,  or  the  omission  if  any  noted, 
a  full  description  is  entered  in  field  note  books  or  on  special  printed 
forms.  This  descriptive  record  embraces  all  information  which  it 
is  practicable  to  gather  through  a  direct  critical  examination  of  the 
machine  itself  by  trained  observers,  by  inquiry  of  those  long  fa- 
miliar with  local  conditions,  or  through  other  channels.  The  record 
includes  such  matters  as  the  following:  A  comprehensive  descrip- 
tion of  the  machine  in  its  original  or  new  condition ;  whether  new 
or  second  hand  when  installed  in  its  present  service ;  if  recon- 
structed at  any  time,  the  extent  and  character  and  also  the  reasons 
for  such  reconstruction ;  date  of  installation,  and  also  of  recon- 
struction, if  any;  character  of  service  rendered  by  the  machine, 
whether  severe  or  moderate,  continuous  or  intermittent,  etc. ;  quality 
or  character  of  maintenance,  whether  good,  fair  or  poor ;  and  any 
other  information  which  may  have  a  bearing  in  fixing  the  final 
value  of  the  item  or  in  judging  of  its  operating  value. 

Throughout  the  progress  of  these  field  investigations  due  con- 
sideration is  given  to  the  fact  that  the  public  utilities  law  provides 
for  periodical  re-valuations  of  each  property  examined,  necessitat- 
ing a  permanent  record  from  the  very  start.    This  view  of  the  situa- 
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tion,  coupled  with  the  rate-making  feature,  has  naturally  led  to  an 
open-minded  attitude  on  the  part  of  the  commission's  staff  and  of 
the  interested  parties  with  respect  to  rectifying  any  discrepancies 
discovered  in  the  descriptive  record. 

Reproduction  Cost  of  New  Property  :  With  a  view  to  eri?.b- 
lish  a  definite  and  reliable  basis  for  fixing  costs,  extensive  investiga- 
tions have  been  made  relative  to  existing-  commercial  conditions, 
with  the  result  that  a  vast  amount  of  cost  data  as  to  the  purchase 
and  installation  of  the  various  kinds  of  physical  property  embraced 
in  the  public  utilities  plants  is  now  available  in  the  confidential 
records  of  the  engineering  staff.  This  information  has  been  gath- 
ered from  many  sources,  one  of  the  most  important  of  these  be- 
ing the  actual  contracts  and  other  records  of  costs  kept  in  the  of- 
fices of  the  various  public  utilities  companies  of  the  state.  The 
records  of  the  utilities  companies  are  made  available  to  the  com- 
mission or  its  authorized  agents  by  the  terms  of  the  public  utilities 
law.  These  records  combined  with  the  confidential  quotations  and 
cost  data  of  many  kinds  supplied  through  direct  solicitation  by  man- 
ufacturers throughout  the  country,  provide  a  substantial  basis  upon 
which  the  unit  costs  are  kept  up  to  date.  In  responding  to  the  re- 
quests for  information,  the  manufacturers  in  a  number  of  instances 
have  found  it  necessary  to  carry  on  considerable  research  work.  In 
such  cases  it  has  been  the  practice  to  offer  to  defray  the  necessary 
clerical  expense  involved  in  compiling  the  desired  information.  In 
but  few  instances,  however,  have  these  offers  of  reimbursement 
been  accepted.  The  invaluable  assistance  thus  extended  by  the 
manufacturers  is  believed  to  have  resulted  not  only  from  their  being 
frankly  and  fully  informed  at  the  outset  as  to  the  special  purposes 
for  which  the  information  would  be  employed,  but  also  because  of 
their  desire  to  co-operate  in  an  important  public  movement  based 
primarily  upon  substantial  justice  to  all  concerned.  It  scarcely  need 
be  said  that  the  figures  obtained  from  manufacturers  are  treated 
as  confidential  and  used  only  for  the  specific  purposes  for  which  they 
were  solicited. 

It  should  be  stated  in  this  connection  that  the  utilities  companies 
of  the  state  have  shown  but  little  disposition  to  interfere  with  this 
free  co-operation  on  the  part  of  the  manufacturers.  In  the  very  few 
instances  where  such  interference  has  actually  been  noted,  the  utili- 
ties officials  have  usually  been  quick  to  respond  to  the  suggestion 
that  such  action  was  not  only  short-sighted,  but  also  in  direct  viola- 
tion of  the  spirit  of  fairness  pervading  this  entire  matter.  In  like 
manner,  citizens  and  officials  of  certain  cities  of  the  state  where  a 
feeling  of  antagonism  had  previously  developed  against  certain  pub- 
lic utilities  companies  have  in  a  number  of  instances  desisted  from 
what  seemed  to  be  an  effort  to  withhold  essential  facts  required 
by  the  engineering  staff. 

In  addition  to  the  sources  of  information  above  referred  to,  the 
members  of  the  staff  have  been  able  to  supplement  their  personal 
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records  of  cost  data  through  many  voluntary  contributions  from  the 
professional  notes  of  prominent  engineers  and  by  figures  gathered 
from  publications  of  technical  societies,  the  columns  of  trade  and 
technical  journals,  etc.  Reference  may  also  be  made  to  the  accumu- 
lation of  valuable  data  included  in  the  sworn  testimony  given  by 
experts  at  the  formal  hearings  of  the  commission. 

In  order  to  avoid  extreme  variations  in  unit  prices  due  to  the 
fluctuations  in  market  quotations  and  also  with  a  view  to  approxi- 
mate as  closely  as  practicable  the  conditions  which  usually  prevail  in 
building  up  public  utilities  properties,  it  has  been  the  practice  of  the 
staff  to  use  average  prices  for  a  term  of  years  rather  than  to  apply 
the  current  quotations  or  unit  costs  prevailing  at  the  actual  date  of 
inventory.  For  this  purpose  the  average  price  for  the  five-year 
period  immediately  preceding  the  date  of  valuation  has  been  used 
whenever  in  the  judgment  of  the  staff  such  rule  was  practicable. 

Depreciation  of  Value:  In  determining  the  allowance  to  be 
made  for  depreciation  in  value,  due  consideration  is  given  by  the 
staff  to  the  actual  condition  of  each  machine  or  other  item  of  the 
property,  taking  into  account  the  age  of  the  device  in  connection 
with  its  probable  ultimate  efficient  life,  the  character  of  the  service, 
the  standard  or  quality  of  maintenance,  and  such  other  elements  as 
may  aid  in  reaching  a  reliable  judgment  in  the  matter.  In  the  steps 
leading  up  to  such  final  conclusions,  accumulated  experience  with 
reference  to  closely  similar  property,  maintained  to  a  like  standard 
and  operated  under  identical  or  similar  conditions  as  to  service,  etc., 
receives  due  consideration.  An  individual  item  of  physical  property 
is  judged  with  reference  to  its  agreement  with  or  departure  from  the 
average  of  such  related  group  or  class  of  property  in  fixing  the  prob- 
able useful  life  and  in  estimating  the  depreciation.  Results  obtained 
by  this  method  in  the  valuation  of  physical  properties  of  Wisconsin 
railroad  and  public  utilities  companies,  aggregating  many  millions 
of  dollars,  have  established  the  trustworthiness  of  the  method  here 
described. 

The  Present  Value:  The  depreciation  percentage  is  customarily 
applied  against  the  "net"  or  "service  value"  found  by  deducting  the 
"scrap"  or  "residual  value"  from  the  "new  value,"  and  the  so-called 
"present  value"  is  determined  in  the  usual  way  by  combining  the 
scrap  value  and  the  depreciated  service  value.  The  treatment  of 
scrap  values  has  perhaps  been  carried  somewhat  beyond  the  deg 
of  refinement  customarily  used  by  most  engineers  engaged  in  water- 
works and  other  like  appraisal  work,  although,  it  is  believed,  not 
beyond  what  is  consistent  and  proper,  considering  the  magnitude 
and  permanence  of  these  Wisconsin  valuations.  However,  undue 
refinements  in  this  respect  are  guarded  against,  and  in  cases  where 
the  scrap  value  is  slight  or  much  in  doubt,  the  depreciation  per- 
centage is  applied  directly  to  the  cost  new  to  determine  the  present 
value. 
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Summing  up  by  Groups:  The  classification  of  the  physical  prop- 
erty by  groups  is  based  as  far  as  possible  upon  actual  similarity  of 
items  or  similarity  of  use.  Following  are  illustrations  of  the  tenta- 
tive groupings  employed  in  the  reports  of  physical  valuations  thus 
far  submitted  to  the  Commission  in  rate  cases  or  for  other  purpose 
under  the  public  utilities  law : 

CLASSIFICATION  SCHEMES  USED  IN  REPORTS  OF  TEN- 
TATIVE    VALUATIONS     OF     PUBLIC     UTILITIES 
PROPERTIES    SUBMITTED    TO    THE    RAIL- 
ROAD   COMMISSION    OF    WISCONSIN 
BY    THE    ENGINEERING    STAFF. 

For  Water-Works  Properties: 

1.  Land. 

2.  Wells,  Intake  and  Suction. 

3.  Stand-Pipes  and  Reservoirs. 

4.  Distribution  System. 

5.  Pumping  Plant  Equipment. 

6.  Buildings  and  Miscellaneous  Structures. 

7.  Office  Furniture  and  Appliances. 

8.  Tools,  Implements,  etc. 

9.  Horses,  Wagons  and  Miscellaneous. 

Total  of  Items  1-9. 

10.  (See  note  below.) 

Total  of  Items  1-10. 

11.  Stores  and  Supplies. 

Total  of  Items  1-11. 

12.  Paving. 

Total  of  Items  1-12. 

For  Gas  Properties: 
1.     Land. 
2 

3.  Holders. 

4.  Distribution  System. 

5.  Power  Plant  Equipment. 

6.  Buildings  and  Miscellaneous  Structures. 

7.  Office  Furniture  and  Appliances. 

8.  Tools,  Implements,  etc. 

9.  Horses,  Wagons  and  Miscellaneous. 

Total  of  Items  1-9. 

10.  (See  note  below.) 

Total  of  Items  1-10. 

11.  Stores  and  Supplies. 

Total  of  Items  1-11. 

12.  Paving. 

Total  of  Items  1-12. 
For  Electric  Light  and  Power  Properties: 
1.     Land. 
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4.  Distribution  System. 

5.  Power  Plant  Equipment. 

6.  Buildings  and  Miscellaneous  Structures. 

7.  Office  Furniture  and  Appliances. 

8.  Tools,  Implements,  etc. 

9.  Horses,  Wagons  and  Miscellaneous. 

Total  of  Items  1-9. 

10.  (See  note  below.) 

Total  of  Items  1-10. 

11.  Stores  and  Supplies. 

Total  of  Items  1-11. 

12.  Paving. 

Total  of  Items  1-12. 

For  Combined  Gas  and  Electric  Properties: 

1.  Land. 

2.  Intakes. 

3.  Holders. 

4.  Distribution  System. 

5.  Power  Plant  Equipment. 

6.  Buildings. 

7.  Office  Furniture  and  Appliances. 

8.  Tools,  Implements,  etc. 

9.  Horses,  Wagons  and  Miscellaneous. 

Total  of  Items  1-9. 
1  p.      (See  note  below.) 

Total  of  Items  1-10. 

11.  Stores  and  Supplies. 

Total  of  Items  1-11. 

12.  Paving. 

Total  of  Items  1-12. 

For  Combined  Water,  Gas  and  Electric  Properties: 

1.  Land. 

2.  Wells,  Intake  and  Suction 

3.  Filters,  Reservoirs  and  Holders. 

4.  Distribution  System. 

5.  Power  Plant  Equipment. 

6.  Buildings  and  Miscellaneous  Structures. 

7.  Office  Furniture  and  Appliances. 

8.  Tools,  Implements,  etc. 

9.  Horses,  Wagons  and  Miscellaneous. 

Total  of  Items  1-9. 

10.  (See  note  below.) 

Total  of  Items  1-10. 

11.  Stores  and  Supplies. 

Total  of  Items  1-11. 
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12.     Paving. 

Total  of  Items  1-12.    • 

For  Combined  lllectric  Raihvay  and  Light  Properties: 

1.  Land  (Right  of  Way  and  Other). 

2.  Track  and  Track  Structures. 

3.  Cars  and  Car  Equipment. 

4.  Electrical  Distribution  System. 

5.  Power  Plant  Equipment. 

6.  Buildings  and  Miscellaneous  Structures. 

7.  Office  Furniture  and  Appliances. 

8.  Tools,  Implements,  etc. 

9.  Horses,  Wagons  and  Miscellaneous. 

Total  of  Items  1-9. 

10.  (See  note  below.) 

Total  of  Items  1-10. 

11.  Stores  and  Supplies. 

Total  of  Items  1-11. 

12.  Paving. 

Total  of  Items  1-12. 

For  Telephone  Properties: 

1.  Land. 

2.  Exchange  Equipment. 

3.  Telephones  and  Appliances. 

4.  Distribution  System. 

5.  Power  Plant  Equipment. 

6.  Buildings  and  Miscellaneous  Structures. 
7  Office  Furniture  and  Appliances. 

8.  Tools,  Implements,  etc. 

9.  Horses,  Wagons  and  Miscellaneous. 

Total  of  Items  1-9. 

10.  (See  note  below.) 

Total  of  Items  1-10. 

11.  Stores  and  Supplies. 

Total  of  Items  1-11. 

12.  Paving. 

Total  of  Items  1-12. 

Note.  Addition  of  percentage  to  cover  engineering  and  super- 
vision,  interest  during  construction,   contingencies,   etc. 

Other  Valuation  Work. 

In  addition  to  the  railroad  and  public  utilities  valuations  covered 
by  the  foregoing  description,  the  engineering  staff  by  special  instruc- 
tions from  the  Railroad  Commission  has  made  a  number  of  valua- 
tions of  "public  service  corporation"  properties  under  the  terms  of 
the  stock  and  bond  issue  law  of  1907.  These  valuations  have  been 
based  upon  detailed  inventories,  but  in  most  instances  it  has  not 
been  necessary  to  enter  into  the  refinements  called  for  in  the  more 
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formal  valuations.  Only  five  cases  of  this  class  of  valuation  are 
included  in  the  tabulated  "summary  of  recent  valuations."  Two 
other  properties,  one  involving  values  of  large  magnitude  were 
valued  approximately  for  bond  issue  purposes,  in  advance  of  the 
completion  of  the  more  exact  physical  valuation  for  the  primary 
purposes  of  the  Tax  Commission.  A  few  approximate  valuations 
of  utilities  properties  have  also  been  made  by  the  staff  under  special 
instructions  from  the  Tax  Commission  to  assist  in  the  more  equit- 
able apportionment  of  values  between  adjacent  assessment  districts. 
The  Railroad  Commission  has  received  a  number  of  informal  re- 
quests for  valuations  of  utilities  properties  intended  to  serve  as  a 
basis  for  preliminary  negotiations  between  cities  and  utilities  com- 
panies looking  towards  the  municipal  purchase  of  such  plants. 
Curiously,  enough,  several  requests  or  inquiries  of  this  sort  have 
reached  the  Commission  indirectly  from  a  neighboring  state. 

Service  Inspection al  Work  by  the  Engineering  Staff. 

In  exercising  the  broad  powers  conferred  upon  it  with  respect 
to  service  regulation  of  railroad,  express,  telephone,  and  the  munici- 
pal utilities  companies,  it  has  been  the  uniform  policy  of  the  Wis- 
consin Railroad  Commission  to  insist  upon  adequate  service,  but 
without  undue  intrusion  upon  the  routine  of  actual  management. 
The  inspections  of  service  made  by  the  technical  staff  under  in- 
structions from  the  Commission  are  directed  primarily  to  the  actual 
results.  When  the  results  are  found  to  be  unsatisfactory,  the  Com- 
mission frankly  reports  the  facts  to  the  company  and  also  to  the 
complainant  if  any,  with  such  recommendations  or  suggestions  as 
may  seem  necessary  or  desirable.  In  the  more  important  matters 
publicity  is  usually  given  through  the  daily  press  _in  order  that  the 
general  public  may  be  kept  fully  informed.  Such  publicity  is  often 
the  only  means  of  fixing  in  the  public  mind  the  responsibility  for 
poor  management  or  in  establishing  substantial  justice  where  there 
have  been  false  reports  or  wrong  impressions  as  to  the  facts.  As  a 
general  rule,  the  suggested  improvement  of  service  is  made  by  the 
management  without  contest  or  delay.  In  the  exceptional  case  the 
Commission  does  not  hesitate  to  use  the  mandatory  powers  con- 
ferred upon  it  by  statute. 

Railroad  Service  Inspections. 

The  Railroad  Commission  of  Wisconsin  has  not  as  yet  adopted 
the  plan  of  employing  special  inspectors  to  engage  exclusively  in 
investigations  of  railroad  service,  although  such  inspectors  may 
ultimately  be  required  with  reference  to  certain  of  the  more  tech- 
nical phases  of  railway  operation.  Provision  is  made  by  the  law  for 
the  employment  of  the  requisite  expert  help  when  the  need  for  the 
same  arises.  Such  matters  are  at  present  investigated  by  the  engi- 
neer personally  or  by  special  assignments  from  the  technical  staff. 
and  reports  submitted  for  the  information  of  the  Commission. 

Vol.  XIV.     Xo.  i 


Pence — Wisconsin  Tax  R.  R.  Commission  93 

An  interesting  experiment  recently  inaugurated  by  the  Cornmie- 

won  is  intended  to  bring"  together  accurate  information  regarding 
die  railroad  service  of  the  state  as  seen  by  the  ordinary  or  casual 
passenger.  Under  special  instructions  from  the  Commission  each 
member  of  the  technical* staff  submits  written  trip  reports  covering 
his  observations  while  enroute  about  the  state  on  valuation  work  or 
other  Commission  business.  The  character  and  scope  of  these  obser- 
vations are  indicated  by  the  headings  given  below,  taken  from  a 
blank  form  prepared  with  a  view  to  secure  some  degree  of  uniform- 
ity in  the  facts  thus  reported  to  the  Commission. 

Trip  Inspection  Report, 
rxgineering  staff,  railroad  commission  of  wisconsin. 

Report  by Observations  on  Train  No , 

Ry.    Between ( M)  and ( M) 

190  . 

(Use  additional  sheet  if  more  space  is  needed.) 

Train  Service:  i.  Running  Schedule.  On  time  or  late;  if 
late,  actual  amount  and  amount  slated,  causes,  etc.     Speeds ;  etc. 

2.  Train  Equipment.  Coaches ;  number  and  kind ;  crowded 
or  otherwise;  cleanliness,  ventilation  and  sanitary  condition  (cars 
and  toilets).     Sleepers. 

3.  Train  Employes.  Engineer;  care  in  running,  testing  air,  etc. 
Conductor,  brakemen,  flagman,  etc. ;  treatment  of  passengers,  calling 
stations,  guarding  rear  end,  etc.     Pullman  and  dining  car  service. 

Station  Service:  4.  Employes.  Agent,  baggageman,  caller, 
etc.  Conduct,  attentiveness,  intelligence,  announcing  trains,  etc. 
(Give  names  of  stations.) 

5.  Station.  Waiting  rooms  and  toilets;  cleanliness,  sanitary 
condition,  ventilation,  heating,  etc.  Platforms ;  grounds,  waiting 
shelters,  etc. 

Miscellaneous:  6.  Track;  bridges;  crossings  (obstruction  or 
protection)  ;  safety  appliances;  train  connections  at  junction  points, 
etc.     - 

Passengers  :  7.  Deportment ;  demands  on  employes  ;  hand  bag- 
gage, etc. 

(Date)    (Sign) 

It  should  be  stated  that  the  initial  instructions  regarding  these 
trip  reports  were  given  in  such  manner  as  to  make  it  plain  that  the 
observer  was  not  expected  to  engage  in  "detective''  work  and  that, 
at  least  until  further  instructions  were  given,  the  observations  and 
comments  were  to  be  only  such  as  might  reasonably  be  made  by  any 
ordinary  traveler  at  any  station  or  on  any  train.  Many  of  the  com- 
ments in  these  reports  are  of  an  entirely  favorable  character,  as  they 
obviously  should  be  to  represent  the  actual  conditions  in  many  in- 
stances.    The  intermingling-  of  these  favorable  comments  with  the 
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often  pointed  criticisms  as  to  defects  of  service  gives  emphasis  both 
to  the  good  and  the  bad  features  and  commands  the  attention  and 
respect  of  the  railroad  management.  A  tabulated  summary  of  the 
trip  reports  is  prepared  covering  each  month's  observations  and  a 
copy  of  the  monthly  summary  transmitted*  to  the  general  manager 
or  other  responsible  official  of  each  road  concerned  with  such  report. 
The  responses  of  the  railroad  companies  indicate  entire  readiness  on 
their  part  to  co-operate  in  this  movement  for  the  betterment  of  the 
railroad  service  of  the  state. 

However,  these  casual  observations  are  not  intended  in  any  sense 
to  do  away  with  inspections  of  a  more  technical  and  rigid  kind.  It 
is  found  in  practice  that  the  need  for  the  more  searching  inquiry 
is  often  revealed  in  the  course  of  the  routine  investigations  above 
described.  Under  the  Wisconsin  law  and  practice  the  members 
of  the  inspectional  staff  purchase  tickets  and  travel  like  other 
passengers. 

Public  Utilities  Service  Inspections. 

Among  the  earliest  matters  to  claim  the  attention  of  the  Railroad 
Commission  in  the  execution  of  the  public  utilities  law  was  the  ques- 
tion of  units  and  standards  of  service  and  tests  of  meters.    The  sec- 
tions of  the  law  relating  to  this  phase  of  the  subject  are  as  follows: 
Units   of    Product   of    Service.      Sec.    22.      The   commission 
shall  ascertain  and  prescribe  for  each  kind  of  public  utility  suit- 
able and  convenient  standard  commercial  units  of  product  or 
service.     These  shall  be  the  lawful  units  for  the  purposes  of 
this  act. 

Standard  Measurements;  Accurate  Appliances.  Sec.  23.  (1) 
The  commission  shall  ascertain  and  fix  adequate  and  service- 
able standards  for  the  measurement  of  quality,  pressure,  initial 
voltage  or  other  condition  pertaining  to  the  supply  of  the  prod- 
uct or  service  rendered  by  any  public  utility  and  prescribe  rea- 
sonable regulations  for  examination  and  testing  of  such  product 
or  service  and  for  the  measurement  thereof. 

(2)  It  shall  establish  reasonable  rules,  regulations,  specifi- 
cations and  standards  to  secure  the  accuracy  of  all  meters  and 
appliances  for  measurements,  and  every  public  utility  is  re- 
quired to  carry  into  effect  all  orders  issued  by  the  commission 
relative  thereto.     *      *     * 

Sec.  24.  (1)  The  commission  shall  provide  for  the  exami- 
nation and  testing  of  any  and  all  appliances  used  for  the  meas- 
uring of  any  product  or  service  of  a  public  utility. 

Public  Equipment  for  Tests.  Sec.  25.  The  commission  may 
purchase  such  materials,  apparatus  and  standard  measuring  in- 
struments for  such  examinations  and  tests  as  it  may  deem 
necessary. 
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It  was  early  seen  that  the  proper  administration  of  the  foregoing 
provisions  of  the  law  would  necessitate  the  establishment  of  a  central 
laboratory  equipment  for  the  purpose  of  investigating  the  various 
kinds  of  public  utilities  service,  with  a  view  to  the  fixing  of  legal 
units  and  standards  and  also  to  putting'  the  same  into  practice  on  a 
permanent  and  uniform  basis  throughout  the  state.  After  some  pre- 
liminary discussions  and  conferences,  arrangements  were  made 
whereby  the  laboratory  facilities  of  the  University  of  Wisconsin 
Were  made  available  for  the  purposes  of  the  Railroad  Commission, 
with  the  understanding  that  there  should  be  reciprocal  use  of  the 
instrumental  equipment  to  be  purchased  subsequently  by  the  Com- 
mission. The  readiness  with  which  this  fortunate  arrangement  was 
effected  was  due  largely  to  the  long  established  policy  of  the  Uni- 
versity of  Wisconsin  with  reference  to  serving  the  state  in  every 
possible  way,  and  the  negotiations  were  greatly  simplified  by  the 
close  relationship  existing  between  the  Chairman  of  the  Commission 
and  the  University.  Following  closely  upon  the  agreement  above 
mentioned,  the  co-operation  of  the  U.  S.  Department  of  Standards 
at  Washington  was  secured  and  definite  arrangements  made  whereby 
the  standards  used  in  the  administration  of  the  Wisconsin  public 
utilities  law  shall  be  subject  to  verification  and  control  with  refer- 
ence to  the  official  government  standards  at  Washington. 

Gas  and  Electric  Service  Inspections. 

The  arrangements  above  outlined,  it  should  be  explained,  while 
intended  to  apply  to  any  phase  of  the  question  of  units  or  standards 
which  might  arise  under  the  utilities  law,  were  most  directly  of  use 
to  the  Commission  in  connection  with  gas  and  electric  service,  con- 
cerning which  the  necessity  of  establishing  standards  first  arose. 

With  the  beginning  of  active  inspectional  work  in  the  testing  of 
gas  and  electric  service,  it  became  necessary  to  provide  special  field 
equipments  which  soon  took  definite  form  as  "traveling  laborator- 
ies." Strong  traveling  cases  were  fitted  out  with  straps  to  hold  the 
instrument  boxes  in  place  and  thick  padding  to  protect  the  same  in 
shipment.  These  cases  are  sent  by  express  and  the  equipment  is  in- 
sured against  damage  in  transit. 

With  a  view  to  gather  data  for  the  intelligent  formulation  of  the 
rules  and  regulations  mentioned  in  section  23  of  the  law,  above 
quoted,  a  provisional  staff  was  organized  and  a  series  of  tests  of 
gas  and  electric  service  undertaken  in  a  number  of  the  cities  of  the 
state.  After  some  progress  had  been  made  in  this  investigation  a 
general  conference  or  hearing  was  held  (March,  1908)  at  which 
the  owners  and  operating  officials  and  experts  of  the  various  gas 
and  electric  companies  of  the  state  were  given  an  opportunity  to 
express'  their  views.  The  program  or  outline  of  these  discussions 
included  the  following  points : 
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Gas  Service. 

T.     Accuracy  of  Meters. 

i.     Method   of  testing. 
2.     Limit  of  error  allowable. 
II.     Calorific  Value. 


I. 

2. 

Importance. 
Method  of  testing. 

3- 

Minimum  value. 

4- 

Variation  allowable. 

5- 

"Gross"  or  "net"  values 

Candle  Power. 

i. 

2. 

Importance. 
How  defined. 

3- 

How  measured. 

III. 


a.  Kind  of  photometer. 

b.  What  standard. 

c.  What  kind  of  burner. 

4.  Minimum  value. 

5.  Variation  allowable. 
IV.     Composition. 

1.     Restriction  as  to  impurities. 

a.  Ammonia. 

b.  Sulphur-total. 

c.  Sulphur  as  H2S. 

d.  Diluents. 
V.     Installation. 

1.  Safety. 

2.  Adequacy. 
VI.     Pressure. 

Electric  Service. 

I.  Accuracy  of  Meters. 

1.  Method  of  testing. 

2.  Limit  of  error  allowable. 

II.  Uniformity  of  Voltage. 

1.  Allowable  variation  from  normal. 

2.  Interruptions. 

III.  Lamp  Efficiency. 

1.  What  provision  for  lamp  renewals. 

2.  Voltage. 

IV.  Installation. 

1.  Safety. 

2.  Voltage  limits. 

3.  Adequacy  of  wiring. 

In  addition  to  those  directly  representing  Wisconsin  interest-. 
there  were  present  at  this  conference  gas  and  electrical  experts  from 
other  states  and  also  an  official  representative  of  the  government 
bureau  of  standards. 
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The  proceedings  of  this  conference  were  supplemented  by  com- 
munications received  from  other  sources  and  further  important  in- 
formation was  gathered  from  the  tests  of  service  throughout  the 
state.  After  giving  careful  consideration  to  all  available  informa- 
tion the  Commission  proceeded  to  formulate  a  set  of  rules  which 
were  officially  adopted  on  July  24,  1908,  to  become  effective  three 
months  thereafter  (see  Decision  No.  U-21,  "In  re  Standards  for 
Gas  and  Electric  Service  in  the  State  of  Wisconsin").  These  reg- 
ulations consist  of  some  twenty-five  rules  classified  as  follows:  Gas 
Service:  (1)  Accuracy  of  meters,  Rules  1-7;  (2)  heating  value, 
rules  8,  9;  (3)  candle  power  (no  rule)  ;  (4)  gas  pressure,  rules  10, 
11 ;  (5)  purity  of  gas,  rules  12,  13.  Electric  Service:  (1)  Accuracy 
of  meters,  rules  14-21  ;  (2)  regulation  of  pressure  and  control  of 
service,  rules  22-25. 

Lack  of  space  forbids  quoting  these  rules  in  full  in  this  paper, 
but  reference  should  here  be  made  to  an  important  departure  from 
usual  practice,  consisting  in  the  adoption  of  the  heating  value  as  a 
test  for  the  quality  of  gas  to  the  exclusion  of  the  customary  photo- 
metric or  candle  power  test.    The  rule  referred  to  is  given  below: 

Rule  8.  The  company  furnishing  gas  which,  within  one  mile  radius  from 
the  distribution  center,  gives  a  monthly  average  total  heating  value  of  not 
less  than  600  B.  T.  U.,  with  a  minimum  which  shall  never  fall  below  550 
B.  T.  U.,  may  be  considered  as  giving  adequate  service  as  far  as  the  heating 
value  of  the  gas  is  concerned. 

The  reasons  for  abandoning  the  candle  power  requirement  in 
favor  of  the  heating  value  is  explained  as  follows  (Wis.  R.  R.  Com., 
Decision  No.  U-21,  pp.  18-21)  : 

Under  conditions  governing  the  use  of  gas  in  Wisconsin,  it  appears  that  by 
far  the  largest  amount  is  used  for  purposes  such  that  its  heating  value  is  a 
measure  of  the  serviceable  value  of  the  gas.  There  is  a  small  percentage  of 
gas  consumption,  believed  to  be  materially  under  ten  per  cent.,  which  is  used 
in  open  flame  burners,  and  in  which  the  candle  power  is  a  measure  of  its 
value.  Since  the  gas  so  used  is  but  a  small  percentage  of  the  total,  and  this 
percentage  is  continually  decreasing,  due  to  the  increasng  use  of  the  incan- 
descent mantles,  it  appears  that  a  calorific  standard  may  be  of  far  greater 
service  than  is  the  commonly  used  candle  power  standard.  ****** 
For  the  reasons  previously  outlined,  it  appears  that  the  candle  power  standard 
which  has  been  almost  universally  used  in  the  past  for  gas  measurement,  is 
of  minor  importance  in  this  state.  It  is  possible  to  secure  a  high  candle  power 
gas  which  has  but  a  moderate  heating  value,  and  to  require  companies  to 
maintain  a  double  standard  which  shall  insure  both  the  high  heating  value 
and  a  high  candle  power,  would  surround  them  with  such  restrictions  that 
economy  in  manufacture  might  not  be  attained ;  and  since  but  few  consumers 
would  be  benefited  by  a  candle  power  restriction,  and  with  this  number  con- 
tinually decreasing,  no  regulations  as  to  candle  power  are  prescribed  at  this 
time.  It  should  be  added,  however,  that  with  a  600  B.  T.  U.  heating  stand- 
ard, and  in  view  of  the  conditions  under  which  gas  is  being  manufactured  in 
this  state,  a  fairly  satisfactory  illuminating  value  is  insured.  It  is  hardly 
possible  to  manufacture  a  coal  gas  of  600  B.  T.  U.  which  shall  not  have  a 
candle  power  from  12  to  16,  or  even  more.  The  enrichment  of  a  water  gas 
up  to  600  B.  T.  U.  will  insure  an  even  higher  candle  power. 

The  following  quotation  from  the  order  promulgating  these  rules 
and  regulations  illustrates  the  attitude  of  the  Commission  with  re- 
spect to  their  enforcement : 
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If  any  management  anticipates  or  experiences  difficulty  in  complying  fully 
with  such  rules  and  regulations,  it  is  expected  that  application  for  a  modifica- 
tion of  the  rule  or  rules  with  regard  to  which  difficulties  are  encountered  will 
be  made  to  the  Commission ;  but  until  a  modification  of  any  rule  or  regula- 
tion herein  prescribed  has  been  expressly  authorized  by  the  Commission,  the 
gas  and  electric  companies  will  be  expected  to  comply  strictly  with  the  terms 
of  every  rule  and  regulation  ordered  herein.  It  is  possible  that  certain  plants 
are  operated  under  conditions  which  make  it  impracticable  or  not  to  the  best  in- 
terest of  the  public  to  meet  all  the  requirements  of  alt  the  rules.  Under  such 
conditions  it  devolves  upon  the  utility  to  show  to  the  Commission,  by  com- 
plete and  convincing  evidence,  that  a  modification  of  some  rule  or  rules 
should  be  made.  Suggestions  and  criticisms  are  at  all  times  welcomed  by  the 
Commission. 

The  following  brief  summary  of  the  progress  made  in  the  gas  and 
electric  inspectional  work  is  quoted  from  a  report  upon  the  work 
of  the  engineering  staff  for  the  fiscal  year  ending  June  30,  1908: 

The  work  performed  by  the  special  staff  of  experts  engaged  in  inspections 
of  gas  and  electric  service  consisted  in  the  study  of  conditions  existing  in 
various  cities  of  the  state  and  included  observations  on  the  accuracy  of  con- 
sumers' meters ;  the  accuracy  of  methods  employed  by  gas  and  electric  com- 
panies in  standardizing  such  meters ;  the  quality  of  gas  as  shown  by  chemical 
composition  and  heating  value ;  the  pressures  at  which  gas  was  being  deliv- 
ered to  consumers ;  the  pressures  and  variations  in  pressure  on  electrical  dis- 
tribution systems ;  the  efficiencies  and  deterioration  of  incandescent  lamps ; 
and  various  other  factors  relating  to  adequacy  of  service.  Laboratory  investi- 
gations have  also  been  made  on  methods  suitable  for  measuring  quality  of 
service,  including  a  study  of  calorimeters  suitable  for  determining  heating 
values  of  gas.  Special  attention  has  also  been  given  to  the  investigation  of 
complaints  of  consumers  to  determine  what  factors  are  the  more  frequent 
causes  for  dissatisfaction.  The  aims  of  the  work  have  been  to  furnish  in- 
formation useful  in  arriving  at  the  operating  values  of  certain  gas  and  electric 
plants,  to  determine  to  what  extent  complaints  of  service  made  by  consumers 
can  be  taken  as  a  criterion  of  the  quality  of  the  service  rendered,  and  more 
especially  the  information  was  sought  as  a  basis  for  establishing  rules  under 
which  the  companies  may  operate  so  that  adequate  service  may  be  insured  to 
the  consumers. 

During  the  progress  of  these  investigations  numerous  instances  of  poor  and 
inadequate  service  were  found.  It  appears  that  in  the  majority  of  such  cases 
the  defective  service  was  the  result  of  ignorance  or  neglect  of  the  conditions 
due  to  the  lack  of  suitable  supervision  or  the  lack  of  instruments  necessary 
for  studying  the  quality  of  service.  It  has  been  found  that  in  various  in- 
stances the  companies  have  been  needlessly  hampered  by  certain  municipal 
regulations,  the  purpose  of  which  was  to  insure  good  service  but  which  were 
actually  ineffective.  Numerous  instances  of  poor  service  have  been  rectified 
by  the  public  service  companies  upon  their  attention's  being  called  to  the  par- 
ticular defects  and  it  has  not  been  unfrequent  that  such  improvements  have 
been  made  with  little  or  no  expense.  It  has  been  demonstrated  that  the  con- 
sumers themselves  are  in  some  measure  responsible  for  the  maintenance  of 
adequate  service  and  it  has  been  one  of  the  purposes  of  the  investigation  to 
formulate  information  serviceable  to  the  consumers  in  protecting  their  own 
interests. 

Other  Utilities  Service  Inspections. 

Inspectional  work  performed  under  the  utilities  law  has  also  in- 
cluded observations  as  to  the  quality  of  service  rendered  by  steam 
heating  plants  and  investigations  as  to  the  accuracy  of  metering 
such  services;  tests  of  water  pressure  and  of  the  quality  of  fire  pro- 
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tection  provided;  investigations  of  the  accuracy  of  water  meters; 
tests  of  service  rendered  by  telephone  systems  in  a  large  metrop- 
olis, in  smaller  cities,  and  in  the  rural  districts;  etc.  Such  in- 
spectional  work  is  being  systematized  as  much  as  possible  with  a 
view  to  utilize  the  services  of  each  staff  member,  .in  carrying  on  at 
least  the  simpler  kind  of  tests,  as  indicated  in  the  case  of  railroad 
travel,  while  enroute  or  engaged  in  a  given  locality.  An  important 
advantage  accruing  from  such  informal  local  contact  with  the  utili- 
ties is  found  in  the  opportunity  thus  afforded  to  the  managers  of 
plants  to  ask  questions  and  make  comments  which  they  are  often 
unwilling  to  put  in  writing.  It  is  one  of  the  duties  of  staff  mem- 
bers to  put  such  questions  into  definite  form  and  file  the  same  in  the 
"query  box"  at  headquarters  for  future  consideration  by  the  staff 
and  for  the  information  of  the  Commission.  Plans  are  on  foot  for 
the  extension  of  this  "query  box"  scheme. 

Miscellaneous  Service  by  the  Staff. 

In  view  of  the  length  to  which  this  paper  has  already  grown,  the 
writer  will  not  enter  upon  a  detailed  description  of  a  further  line 
of  work  of  a  miscellaneous  character  which  in  the  aggregate  de- 
mands a  considerable  share  of  time  from  the  staff.  The  scope  and 
importance  of  these  further  matters  is  indicated  by  the  headings 
given  below.  Certain  phases  of  these  duties  may  be  described  in  a 
future  paper. 

i.  Supervision  of  interlocking  and  signaling  installations. 

2.  Investigations  of  railroad  accidents. 

3.  Investigations  as  to  the  safety  of  track  and  bridges. 

4.  Investigations  as  to  the  protection  or  separation  of  grade 

crossings. 

5.  Reports  on  proposed  industry  tracks. 

6.  Examinations  relative  to  proposed  railway  construction  and 

of  newly  completed  lines  in  advance  of  operation. 

7.  Investigations  of  street  railway  service. 

8.  Investigations  in  rate  cases. 

9.  Advisory  service  as  to  the  operation  of  public  utilities. 
10.     Other  service  for  either  commission. 

Conclusion.  Much  of  the  material  presented  in  this  paper  is 
drawn  by  permission  from  annual  reports  recently  submitted  by  the 
writer  to  the  two  commissions.  It  has  been  found  necessary  in 
places  to  touch  upon  some  matters  which  are  only  indirectly  re- 
lated to  the  work  of  the  engineering  staff.  In  this  connection  the 
following  reference  is  made  to  published  discussions,  by  members 
of  the  two  commissions : 

1.  By  the  Wisconsin  Tax  Commission,  discussions  in  the  Biennial  reports 
for  1901,  1903  and  1907.  See  particularly  the  discussions  by  Judge  N.  S.  Gil- 
son,  Chairman,  relative  to  the  "Judicial  View  of  the  (1903)  Law  and  its 
Administration"   (1907  Report,  pp.   108-121). 
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2.  "Tax  Reforms  versus  Local  Self-Government,"  by  George  Curtis,  Jr., 
of  the  Wisconsin  Tax  Commission;  address  delivered  at  the  annual  meeting 
of  the  Wisconsin  Municipal  League,  at  Oconomowoc,  Wis.,  Sept.  3,  1908. 
(Separate  pamphlet  to  be  had  upon  application.) 

3.  "Co-Operation  between  the  Railroad  Commission  and  the  Municipali- 
ties," by  Prof.  B.  HI  Meyer,  Chairman,  Railroad  Commission  of  Wisconsin ; 
address  delivered  before  the  Wisconsin  Municipal  League,  at  Oconomowoc, 
Wis.,  Sept.  3,  1908. 

4.  "The  Wisconsin  Public  Utilities  Law,"  by  Prof.  B.  H.  Meyer,  Chair- 
man, Railroad  Commission  of  Wisconsin ;  address  delivered  at  the  annual 
convention  of  the  National  Municipal  League  and  American  Civic  Associa- 
tion, Pittsburgh,  Pa.,  Nov.  19,  1908. 

The  writer  cannot  properly  conclude  this  paper  without  referring 
to  the  degree  of  enthusiasm  and  satisfaction  felt  by  the  engineering 
staff  in  working  to  the  instructions  of  the  two  state  commissions. 
These  instructions  have  invariably  been  to  "get  at  the  truth"  and  the 
staff  has  been  given  all  desired  freedom  as  to  the  method  of  pro- 
cedure. 

DISCUSSION. 

Prof.  C.  F.  Burgess :  I  have  no  formal  statement  prepared  with 
which  to  supplement  the  paper  which  Professor  Pence  has  presented, 
and  will  simply  take  a  few  moments  to  speak  in  general  of  some  of 
the  features  of  the  work  of  the  Engineering  Staff  of  the  Railroad 
Commission,  in  which  I  am  interested. 

This  work  to  which  I  refer  is  that  provided  for  by  the  section 
of  the  laws  relating  to  adequacy  of  service.  It  became  necessary  to 
define  adequate  service,  and  the  definitions  adopted  by  the  Commis- 
sion were  based  upon  information  gathered  in  various  ways  and 
from  all  available  sources.  Among  other  investigations,  tests  were 
made  in  various  cities  of  Wisconsin  to  show  what  kind  of  service 
was  being  given  by  the  gas  and  electric  utilities,  and  also  to  determine 
what  service  it  was  practically  possible  for  these  companies  to  give. 

It  was  recognized  that  the  quality  of  service  may  be  designated 
by  the  adjectives  "good,"  "adequate"  and  "satisfactory,"  and  also 
that  these  terms  are  not  synonymous. 

Good  service  may  be  defined  as  that  which  can  be  supplied  by 
up-to-date  plants  with  the  best  available  equipment  and  operated  so 
as  to  secure  the  best  practicable  regulation.  Adequate  service  may 
perhaps  be  considered  as  differing  from  good  service  in  that  it 
recognizes  the  necessity  of  certain  departures,  due  to  local  condi- 
tions and  commercial  considerations.  For  example,  it  recognizes 
that  a  reasonable  departure  from  normal  voltage  of  no  must  be 
permitted  to  insure  a  reasonable  investment.  Satisfactory  service 
may  be  considered  as  that  which  satisfies  consumers,  and  adequate 
service  and  even  good  service  may  not  necessarily  be  satisfactory 
service,  since  the  personal  element  of  relationship  between  the  man- 
agement and  the  public  must  be  taken  into  account.  Tact,  courtesy 
and  conscientious  investigation  of  complaint,  while  of  great  benefit 
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to  both  the  company  and  the  consumer,  can  scarcely  be  secured 
through  any  rules  which  might  be  adopted. 

In  defining  adequate  service  there  is  not  much  in  the  way  of 
precedent  to  serve  as  a  guide.  In  reference  to  commercial  gas  the 
most  common  rule  is  that  a  gas  shall  have  a  certain  minimum  candle 
power.  Investigation  showed  that  under  the  conditions  generally 
existing  in  Wisconsin,  such  a  provision  would  be  of  little  value, 
especially  where  the  value  of  a  gas  is  regulated  by  its  ability  to 
generate  heat.  Consequently  a  calorific  standard  was  adopted  to 
the  exclusion  of  a  candle  power  requirement. 

In  adopting  standards  for  electric  service  there  is  even  less  pre- 
cedent than  in  relation  to  gas  service.  There  are  ho  standard  regula- 
tions for  allowable  fluctuation  of  voltage  or  allowable  depreciation 
of  incandescent  lamps. 

The  question  of  lamp  renewals  is  of  course  a  question  of  great  im- 
portance in  connection  with  adequacy  of  electric  service.  Among  the 
standards  adopted  by  the  Commission  was  one  providing  that  each 
company  shall  maintain  some  system  of  lamp  renewals,  leaving  the 
choice  of  the  system  to  the  good  judgment  of  the  management  of  the 
company,  it  being  required  that  a  description  of  such  system  being 
adopted  shall  be  filed  with  the  offices  of  the  Commission.  It  is  be- 
lieved that  the  accumulation  of  the  data,  based  upon  observation  of 
the  working  out  of  the  various  plans  adopted  will  make  it  possible 
to  work  out  in  the  future  more  definite  recommendations  as  to  how 
efficient  illuminating  service  may  best  be  secured. 

It  is  obvious  that  I  have  touched  upon  only  a  few  points  connected 
with  our  work,  but  I  shall  be  very  glad  to  go  into  any  matter  more 
fully  if  requested  to  do  so. 

President  Loweth:  The  paper  by  Prof.  Pence  and  the  supple- 
mentary remarks  by  Prof.  Burgess  are  now  before  you  for  discus- 
sion. It  would  appear  that  no  one  need  hesitate  to  ask  such  questions 
as  may  occur  to  him,  as  these  gentlemen  have  shown  that  their 
work  is  of  such  character,  and  they  have  it  so  thoroughly  in  hand, 
as  to  make  them  a  veritable  encyclopaedia  in  all  branches  of  en- 
gineering, and  of  political  economy. 

Prof.  L.  P.  Breckenridge,  m.w.s.e.  I  am  not  able  to  discuss  this 
paper,  but,  as  the  president  has  intimated,  these  gentlemen  are 
full  of  information  that  we  are  glad  to  get  hold  of  through  courtesies 
such  as  they  have  shown.  I  think  they  must  have  done  for  Wis- 
consin what  other  states  may  want  done ;  anyway,  I  think  they 
must  have  some  ides  as  to  the  prices  which  perhaps  we  ought  to  fix 
on  all  of  these  public  utilities  of  various  states,  which  will  cer- 
tainly guide  us  as  engineers,  in  designing  engineering  plants,  etc. 
I  am  very  sure  that  the  work  has  been  done  with  that  extreme  care 
with  which  Prof.  Pence  always  does  things,  and  I  am  sure  that  we 
shall  all  find  it  profitable  to  review  and  study  the  work  which 
this  Commission  is  able  to  present  to  the  Western  Society  of  En- 
gineers, and  doubtless  it  will  be  of  much  value  to  all  of  us. 
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Prof.  Pence:  Many  of  the  public  utilities  valuations  are  now  be- 
fore the  Commission,  with  a  possibility  of  a  final  revision,  so  that 
we  have  not  yet  been  able  to  estimate  the  actual  cost  of  making 
such  valuations.  There  have  been  expenses  connected  with  the  early 
stages  of  the  utilities  work  which  make  these  valuations  somewhat 
more  costly  than  they  will  be  later  on. 

President  Loweth:  Has  not  the  Commission  now  accumulated 
so  large  a  volume  of  data  as  to  prices  and  values  in  general,  that 
the  work  can  be  carried  on  from  this  time  with  a  much  less  force 
than  heretofore? 

Prof.  Pence:  The  work  can  be  done  more  rapidly  hereafter,  I 
think.  We. have  some  hundreds  of  public  utilities  valuations  ahead 
of  us,  while  we  have  only  the  revaluation  work  of  steam  and  street 
railway  property.  A  considerable  staff  will  be  required  for  some 
time  to  come  to  handle  the  utilities  valuations. 

Preside n  Loweth:  If  T  am  rightly  informed,  the  steam  railroad 
companies  are  required  by  law  to  submit,  yearly,  complete  informa- 
tion as  to  the  physical  change  in  their  properties.  Are  the  other 
public  utilities  companies  of  the  states  required  to  submit  similar 
data  ? 

Prof.  Pence:  The  public  utilities  properties  are  required  by  the 
law  to  report  annually  the  additions  in  construction,  and  those  are 
to  be  taken  into  account  and  ultimately  re-valuations  made. 

Mr.  W .  B.  Jackson,  m.w.s.e.  In  the  case  of  lumber,  where  the 
prices  are  running  up  so  rapidly,  do  you  use  the  average  of  the 
previous  five  years,  or  do  you  take  a  figure  that  will  be  just  for 
that  period? 

Prof.  Pence:  There  are  extreme  fluctuations  in  most  local  mar- 
kets which  will  make  it  difficult  to  determine  what  is  the  absolute 
value  of  such  items,  but  it  appears  that  there  should  be  a  shorter 
period  than  five  years ;  two  or  three  years  would  probably  give  a 
better  average  for  lumber. 

Mr.  Jackson:  In  that  regard  I  wish  to  ask  if  it  would  not  be 
safe  to  take  two  years  back,  considering  the  evident  tendency  upward 
of  lumber,  carrying  the  figure  higher  than  the  previous  years  have 
carried  it? 

Prof.  Pence:  That  brings  us  face  to  face  with  a  question  that 
has  not  been  definitely  determined  as  yet,  viz.,  whether  the  valua- 
tion under  the  utilities  law  is  to  represent  the  cost  of  reproduc- 
tion under  conditions  prevailing  at  the  actual  date  of  the  inventory 
or  valuation,  or  extending  over  a  considerable  period  of  time. 
As  stated  in  the  paper,  we  have  had  it  in  mind  to  avoid  the  extreme 
fluctuations  of  the  market  prices,  especially  for  such  things  as  track 
ties,  cast  iron  pipe,  copper  and  .similar  details  of  the  physical  property 
subject  to  such  fluctuations. 

Mr.  G.  T.  Seely,  m.w.s.e.  There  is  a  tendency  at  present  on  the 
part  of  the  public  to  reduce  the  price  paid  for  the  service  which 
the  public  utility  corporations  render,  and  I  believe  there  is  a 
movement  in  Milwaukee  toward  the  reduction  in  street  car  fares. 
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and  that  the  Commission  has  been  asked  for  advice.  I  think  it  is 
claimed  that  the  Milwaukee  railway  company  has  set  aside  more 
for  depreciation,  renewals,  and  insurance  funds,  than  good  practice 
would  warrant.  The  present  tendency  is  toward  the  reduction  of 
the  rate  of  fares  on  urban  transportation  systems.  However,  within 
the  last  five  years  the  price  of  all  materials  has  been  increased,  as 
shown  by  the  diagrams,  and  the  wages  paid  the  men  have  in- 
creased, and  speaking  for  the  railways,  the  price  received  for  the 
service  rendered  has  been  steadily  decreasing,  due  partly  to  fare 
reduction,  partly  to  the  extension  of  transfer  privileges,  and  partly 
to  the  extension  of  the  railroads  themselves  making  a  longer  ride  for 
a  single  fare.  All  railway  operators  have  found  that  the  operating 
ratio  has  been  steadily  increasing,  therefore  the  margin  between  the 
earnings  and  the  operating  expenses  has  been  steadily  growing 
less.  This  has  been  brought  to  mind  especially  since  the  business 
depression  last  fall.  In  Massachusetts  and  Connecticut  certain 
street  railway  companies  have  applied  to  the  State  Commissions  for 
increases  in  fares,  and  these  increases  in  fares  have  been  granted, 
either  by  reducing  the  length  of  haul  for  5  cents  or  by  actual  in- 
crease in  fare  from  5  to  6  cents,  or  by  a  charge  for  transfers. 
This  is  entirely  in  the  opposite  direction  from  the  trend  of  the  public 
mind,  and  brings  up  the  question, — how  shall  these  increases  be 
made  and  on  what  basis  ?  In  that  connection,  what  is  a  reasonable 
return  on  an  investment  in  those  properties?  I  think  the  law 
holds  that  where  adequate  service  is  given,  the  rate  of  compensation 
cannot  be  reduced  below  the  point  necessary  to  insure  a  reasonable 
return  on  the  investment,  and  I  would  ask  if  that  question  has  been 
brought  up  with  the  Wisconsin  Commission. 

Prof.  Pence:  I  regret  that  I  am  not  at  liberty  to  discuss  the 
questions  asked.  These  matters  are  in  an  undetermined  state  at  the 
present  time.     Perhaps  something  may  be  said  in  the  closure. 

Mr.  Charles  K.  Mohler,  m.w.s.e.  I  would  like  to  ask  what  is 
the  policy  or  practice  of  the  commission,  (or  the  law  in  the  matter 
if  covered)  in  case  of  improvements  such  as  track  elevation  or  de- 
pression, and  such  work  in  general  as  the  elimination  of  grade  cross- 
ings, when  required  by  law  or  ordinance?  Are  the  roads  assessed 
and  taxed  for  the  full  additional  cost  of  the  work?  In  some  of 
the  states  the  work  of  eliminating  grade  crossings  has  been  taken 
up  systematically  and  is  being  gradually  carried  out.  I  believe'  the 
provision  in  New  York  state  is  for  the  state  to  bear  one  quarter 
of  the  expense,  the  town  one  quarter,  and  the  railroad  one  half. 

Where  a  road  makes  an  improvement,  either  voluntarily  or  in- 
voluntarily, that  is  of  distinct  advantage  or  benefit  to  the  community 
where  located,  but  which  is  not  primarily  of  any  use  or  advantage 
to  the  road  either  in  securing  or  handling  traffic  or  earning  revenue, 
it  would  seem  to  me  no  more  than  justice  or  good  public  policy 
to  exempt  the  added  cost  to  the  road,  from  taxation.  In  other 
words,  if  it  is  good  policy  for  the  state  and  town  to  pay  half  the 
cost,  why  would  it  not  be  well  to  go  a  step   farther  and  exempt 
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the  improvement  from  taxation?  The  elimination  of  grade  cross- 
ings is  of  such  great  importance  as  to  warrant  the  state  in  offering 
every  reasonable  encouragement  and  inducement  for  the  railroads 
to  carry  out  improvements  of  that  nature. 

Prof.  Pence:  I  understand  the  question  refers  to  two  things: 
(i)  the  apportionment  of  the  construction  expense  in  building  the 
crossing,  and  (2)  the  tax  on  the  work  when  completed.  I  do  not 
recall  that  any  cases  of  this  kind  have  been  decided  by  the  Wiscon- 
sin commissions. 

Prof.  Breckenridge:  I  think  that  the  Wisconsin  commission  have 
had  some  difficulty  in  deciding  what  would  be  considered  a  reason- 
able life  for  many  engineering  appliances  and  things  of  that  nature, 
but  doubtless  they  have  available  on  their  books  many  data  along 
this  line.  It  would  be  interesting  if  they  would  publish  a  list  of 
about  fifty  or  one  hundred  of  such  appliances,  giving  their  estimates 
as  to  a  reasonable  life. 

Prof.  Pence:  I  shall  endeavor  to  present  some  information  along 
the  line  inquired  about  by  Prof.  Breckenridge,  although  these  figures 
are  being  changed  from  time  to  time. 

Mr.  P.  Junkersfeld,  m.w.s.e.  If  I  understand  Prof.  Pence  cor- 
rectly, he  said  that  the  commissions  had  not  yet  arrived  at  a  decision 
as  to  whether  or  not  they  would  take  the  replacement  value  of  the 
property  at  the  time  the  valuation  was  made,  or  whether  they  would 
take  the  actual  cost  of  building  that  physical  property. 

In  some  years  the  prices  may  be  abnormally  high,  and  in  other 
years  the  prices  may  be  lower,  and  it  occurred  to  me  that  if  you 
oblige  those  companies  to  make  investments  at  actual  prices  as  they 
exist  from  year  to  year,  the  valuations  should  be  made  on  the  basis 
of  prices  actually  paid,  as  any  other  basis  would  seem  to  work  an 
injustice  to  one  party  or  to  the  other. 

Prof.  Pence:  As  already  explained  there  are  two  commissions; 
the  duties  of  one  commission  relate  to  taxation  and  of  the  other 
to  rate  making  and  service  regulation.  I  will  repeat  the  statement 
given  in  the  paper  to  the  effect  that  one  physical  valuation  is  ac- 
ceptable for  the  purposes  of  the  two  commissions. 

However,  I  have  not  answered  Mr.  Junkersfeld's  question  direct- 
ly. The  intention  is  to  determine  the  physical  valuation  in  the  light 
of  all  available  information.  If  contention  is  made  as  to  the  val- 
uation figures,  due  consideration  is  given  to  any  further  facts  sup- 
plied or  available  to  whichever  commission  has  the  matter  under 
investigation,  and  a  final  revision  made  by  the  engineers. 

Mr.  Junkersfeld:  In  that  same  line,  I  would  ask  if,  in  making 
a  valuation,  recognition  is  given  to  the  fact  that  it  costs  a  good  deal 
more  to  build  up  a  property  piece-meal  than  to  do  it  all  at  one  time  ? 
When  property  is  built  up  in  that  way  I  presume  allowance  is  made 
for  such  items  as  brokerage  fees,  organization,  legal  expenses,  etc. 

Prof.  Pence:  Careful  consideration  has  been  directed  to  this 
matter,  but  definite  figures  on  this  point  are  hard  to  get  hold  of. 
One  thing  should  be  kept  in  mind  with  reference  to  such  valuation 
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work:  we  are  dealing  with  finished  properties  and  we  endeavor 
to  have  the  most  perfect  inventories  that  the  combined  effort  of  the 
state  engineering  staff  and  of  the  experts  of  the  utilities  companies 
can  produce.  In  this  case  there  is  a  difference  with  respect  to 
the  allowance  for  engineering  and  contingencies  as  contrasted  with 
estimates  for  a  new  or  hypothetical  property.  The  designing  en- 
gineer, in  making  his  estimates  of  costs,  makes  allowance  for  the 
fact  that  when  the  work  is  finished  he  is  likely  to  have  a  larger  in- 
ventory than  at  the  outset,  partly  because  his  plans  and  ideas  are 
incomplete  at  the  start.  It  is  interesting  to  note  how  much  a  sup- 
posedly perfect  inventory  of  an  old  property  may  lack  of  being 
complete  or  perfect. 

Mr.  W.  E.  Symons,  m.w.s.e.  I  do  not  feel  able  to  discuss  this 
valuable  subject  in  detail,  but  there  are  one  or  two  points  on  which 
I  would  like  information.  I  have  in  mind,  in  asking  this  informa- 
tion, first :  the  example  of  a  steam  surface  railway  built  some  years 
ago  that  had  been  what  might  properly  be  termed  pretty  evenly  worn 
out,  and  as  a  result  of  the  actual  service  conditions  it  had  received 
renewals  and  betterments  of  a  permanent  character,  light  capacity 
and  temporary  bridges  being  replaced  by  heavier  permanent  ones, 
locomotives  and  cars  replaced  by  others  of  similar  or  slightly  in- 
creased capacity,  etc.,  resulting,  of  course,  in  some  considerable 
increase  in  valuation  of  the  property. 

The  second  example  contemplates  another  railway,  or  some  parti- 
cular sections  of  the  same  line,  over  which  the  reduction  of  rates 
had  made  it  necessary  for  the  company  to  expend  large  sums  of 
money  in  the  reduction  of  grades,  possibly  abandoning  portions  of 
the  old  line  and  constructing  complete  new  sections,  in  order  to  get 
a  lower  grade  line,  purchasing  new  and  heavier  locomotives,  new 
and  heavier  turntables  to  handle  them,  and  expensive  additions  to 
round  houses  and  shops,  all  of  this  in  order  to  give  the  shareholders 
some  profit  on  their  investment,  the  sum  total  possibly  amounts  to 
as  much  as  $10,000  to  $15,000  per  mile  for  practically  rebuilding  a 
railway  that  was  not  worn  out,  but  that  if  not  so  treated  would 
probably  show  a  deficit  from  operation.  My  question  is,  would  the 
commission  in  making  an  inspection  and  placing  a  valuation,  capital- 
ize all  the  expense  incurred  in  the  original  and  the  rebuilt  line  and 
authorize  bonds  to  cover  that  amount,  or  would  it  allow  only  an 
amount  equal  to  what  the  present  improved  line  would  have  cost 
had  it  been  originally  so  built  and  equipped?  If  on  the  former 
basis,  then  it  is  not  only  possible  but  probable  that  on  a  system 
of  some  considerable  size  in  territory  with  diversified  traffic  con- 
ditions, one  or  more  sections  may  be  capitalized  at  one-third  or  one- 
half  times,  or  even  twice  as  much  as  some  other  portions  of  the 
system,  and  still  not  exceed  the  actual  cost  necessary  to  put  it  in 
shape  to  avoid  a  loss  from  operation.  Would  the  commission  recog- 
nize these  expenditures  and  approve  the  issue  of  bonds  on  this  basis 
per  mile,  or  would  they  either  average  the  entire  system  or  lower 
the  rate  on  the  rebuilt  line  to  the  estimated  cost  of  reproduction? 

February,  1909 


106  Discussion — Wisconsin   Tax  R.  R.  Commission 

I  have  in  mind  another  instance  where  a  railway  company  had 
spent  a  considerable  amount  of  money  in  reducing  gradients  on  a 
line  to  meet  traffic  conditions  in  a  certain  direction, — possibly  to 
the  extent  of  three  or  four  thousand  dollars  per  mile.  After  having 
done  so,  the  direction  of  traffic  is  reversed,  making  it  necessary  to 
spenci  a  similar  amount  in  the  other  direction.  Would  both  these 
items  be  recognized  as  increasing  the  legitimate  valuation  of  the 
property  and  the  company  be  allowed  to  make  a  fair  return  on  the 
total  cost? 

Depreciation. — Physical  valuation  of  railway  properties  I  assume 
includes  depreciation  of  all  property.  It  would  be  of  interest  to 
know  about  what  per  cent,  of  depreciation  per  year  is  written  off 
the  value  of  locomotives,  cars,  shops  and  tools ;  in  other  words, 
what  is  considered  a  fair  average  life  for  this  property? 

Also  in  case  of  a  railway  company  finding  it  necessary  to  change 
its  form  of  motive  power  or  method  of  transportation  after  having 
gotten  its  road  into  first-class  condition,  would  the  increased  cost 
thus  involved  be  considered  a  legitimate  expense  item  to  justify 
increased  capitalization?  for  instance,  if  a  change  was  being  made 
from  steam  to  electricity. 

Prof.  Pence:  I  do  not  recall  that  those  matters  have  come  before 
the  railroad  commission:  They  are  complex  questions,  but  if  any- 
thing can  be  said  in  answer  to  them,  I  shall  be  glad  to  include  it  in 
my  closure. 

President  Loweth:  With  reference  to  the  question  which  Mr. 
Symons  asked,  whether  the  valuation  was  based  on  certain  small 
units  or  sections  of  the  railroad,  or  upon  the  railroad  as  a  whole, — 
if  I  remember  correctly,  the  valuation  of  the  railroads  in  Wiscon- 
sin is  based  on  small  units,  and  in  that  case  every  improvement  on 
a  short  length  of  the  road  would  be  taken  into  consideration.  Am 
I  not  right,  Prof.  Pence? 

Prof.  Pence:  Yes;  but  the  actual  quantities  in  the  inventory  of 
the  physical  property  as  of  a  given  date  controlled  the  valuation. 

Mr.  Mahler:  I  believe  the  first  work  done  in  this  country  in  get- 
ting tax  valuations  of  railroads  on  the  basis  of  the  "cost  to  repro- 
duce in  the  present  condition"  was  on  the  Erie  R.  R.  in  New  York 
state.  In  1897  a  decision  was  rendered,  in  a  suit  brought  by  the 
N.  Y.  L.  E.  &  W.  R.  R.  Co.,  vs.  Clapp  and  others,  Assessors,  etc.,  in 
New  York  state,  establishing  the  principle  that  the  railroad  property 
should  be  appraised  on  the  basis  of  the  "cost  of  reproduce  in  its 
present  condition."  In  the  summer  of  1899  the  real  estate  depart* 
ment  of  the  Erie  R.  R.  took  up  the  work  of  valuations  and  appraisals 
in  New  York  state.  During  the  summer  I  was  delegated  by  the  chief 
engineer  to  take  up  the  work  of  making  surveys  and  estimates.  I 
made  actual  field  surveys  of  over  150  miles  of  line,  and  estimates 
were  made  upon  a  large  portion  of  that  which  had  been  surveyed. 
In  cases  where  the  company  were  warranted  in  asking  for  reductions, 
I  appeared  at  hearings  before  the  different  boards  of  assessors  to 
give  expert  testimony.     The  general  conduct  and  legal  part  of  the 
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work  was  in  charge  of  Mr.  Harrison  Williams,  now  General  Land 
and  Tax  Agent  of  the  Erie  R.  R.  The  matter  of  assessing  the  roads 
was  then  and  is  now  in  the  hands  of  the  local  boards  of  assess 
In  some  cases  reductions  were  obtained  at  the  hearings  before  the 
boards,  while  in  others  the  boards  were  served  with  'certiorari,'  and 
the  cases  brought  to  trial.  The  net  result  I  believe  has  been  a 
material  lowering  in  assessed  valuations  of  the  road  throughout  the 
state. 

In  making  the  field  survey,  account  was  taken  of  every  tangible 
item  that  entered  into  the  construction  of  the  road,  and  its  condition 
noted.  In  estimating  the  rail,  the  weight,  condition  and  age  were 
noted.  The  life  of  the  rail  was  assumed  at  different  periods,  vary- 
ing with  the  weight  of  traffic  hauled  over  the  line.  The  scrap  value 
was  assumed  and  the  assessed  value  fixed  from  the  remaining  wear- 
ing value  plus  the  scrap  value.  Ties,  fencing,  and  minor  timber 
construction  were  generally  estimated  at  fifty  per  cent,  of  their 
original  cost.  That  was  considered  correct  owing  to  the  fact  that 
timber  begins  to  deteriorate  as  soon  as  it  is  placed  in  an  exposed 
construction,  and  is  found  in  the  general  make  up  of  the  entire  line, 
from  that  which  is  worthless  to  that  which  has  just  been  renewed. 
Station  and  like  buildings  were  seldom  given  a  greater  depreciation 
than  twenty-five  per  cent.  Bridges  and  masonry  were  given  the  de- 
preciation called  for  in  the  field  notes,  with  an  estimated  life  of 
fifty  years.  The  right-of-way  was  estimated  at  the  same  value  as 
the  adjoining  property  or  that  in  the  immediate  vicinity.  That,  I 
think,  is  perfectly  just,  while  the  expense  of  acquiring  the  right- 
of-way  is  usually  much  more  than  the  market  value  of  the  property 
through  which  it  was  acquired,  the  extra  cost  is  usually  chargeable 
to  damage  to  the  property  "cut  up"  and  some  of  it  to  "hold  up." 
If  the  broader  view  of  the  matter  is  taken  it  must  be  conceded  that 
the  presence  and  operation  of  a  railroad  in  almost  all  communities 
adds  greatly  to  the  property  values.  This  is  true  to  such  a  marked 
degree  in  some  localities  that  if  the  roads  serving  them  were  to  be 
abandoned,  the  property  values  'would  shrink  to  almost  nothing. 

Railroads  should  be  considered  to  a  certain  extent  a  modern  high- 
way and  their  "public  utility"  features  recognized.  The  tendency 
has  been,  in  most  localities,  to  tax  them  all  they  would  stand.  With 
rate  supervision  by  the  civic  authorities  should  go  equitable  taxation. 

Mr.  D.  W.  Roper,  m.w.s.e.  Many  of  the  public  utilities  companies 
in  the  large  cities  make  a  practice  of  installing  underground  struc- 
tures, such  as  gas  pipes  or  conduits,  in  advance  of  street  paving. 
In  such  cases,  where  an  expensive  paving  is  installed  by  the  city 
over  this  underground  structure,  what  relation  does  the  rate  fixed 
by  the  commission  bear  to  the  cost  of  installation? 

Prof.  Pence:  I  regret  to  say  that  this,  also,  is  one  of  the  unde- 
termined matters.  There  are  a  number  of  important  cases  before 
the  commission,  in  which  matters  of  this  sort  are  involved. 

President  Lozveth:  With  reference  to  the  question  which  has  just 
been  asked,  I  suppose  that  the  valuation  would  stand,  with  the  corn- 
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mission,  if  it  was  based  on  the  value  of  the  conduit  and  of  the  paving 
over  it. 

Prof.  Pence:  In  Milwaukee,  the  unit  prices  for  electric  wire 
conduts  include  the  paving  item.  The  paving  item  is  figured  sepa- 
rately, as  a  rule,  in  the  utilities  valuations  when  involved  with  trench- 
ing for  water  works  and  gas  mains. 

President  Loweth:  With  reference  to  the  question  which  Mr. 
Symons  asked,  whether  the  valuation  was  based  on  small  units  or 
sections  of  the  railroad,  or  upon  the  railroad  as  a  whole ;  the  Rail- 
road Tax  Commission  arbitrarily  divided  the  railroads  into  small  sec- 
tions of  a  few  miles  in  length,  or  the  portions  contained  within  the 
corporate  limits  of  the  larger  cities,  and  the  values  of  each  of  these 
several  sections  was  determined. 

Prof.  Pence:  Yes,  that  was  the  way  it  was  done  in  the  valuation 
in  1903. 

Mr.  Symons:  If  no  depreciation  had  been  written  off,  and  if  the 
road  has  been  rebuilt  two  or  three  times,  then  its  capitalization,  it 
seems  to  me,  in  fairness  should  represent  the  sum  total  of  all  cost, 
less  a  fair  depreciation,  and  my  inquiry  was  to  ascertain  just  what 
would  be  included;  for  instance,  in  the  road  which  had  received 
only  ordinary  renewals,  and  the  road  which  had  been  rebuilt. 

For  illustration  we  will  assume  a  certain  railroad  to  be  in  good 
physical  condition,  and  its  operation  satisfactory  alike  to  its  owners 
and  patrons,  until  new  or  changed  conditions  make  it  necessary  to 
rebuild  the  line  to  provide  the  service  demanded  and  to  avoid 
financial  disaster.  A  large  portion  of  a  good  railroad  must  be  practi- 
cally thrown  away,  the  management  being  forced  to  rehabilitate  the 
property  at  great  expense,  and  if  no  depreciation  has  been  written 
off  during  the  life  of  the  road,  then  it  seems  to  me  the  new  line's 
capitilization  should  represent  the  sum  total  of  all  expenses  from 
the  first,  and  not  what  it  cost  to  rebuild  the  line,  as  there  is  a  vast 
difference  between  what  it  may  cost  to  reproduce,  and  what  it  has 
cost  to  produce. 

From  Prof.  Pence's  answer  to  President  Loweth's  example  I 
would  understand  that  the  total  cost  to  produce  had  been  recognized 
in  the  1903  estimates,  but  what  I  am  especially  interested  to  know 
is  if  there  is  any  fixed  rule,  plan  or  scheme  to  be  followed  in  all 
cases,  or  is  the  commission  to  use  its  judgment  in  the  different  cases 
coming  under  its  jurisdiction. 

Prof.  Pence:  Mr.  Symons  has  in  mind  the  cumulative  idea,  as 
I  understand  him.  The  1903  ad  valorem  tax  physical  valuations 
were  based  upon  inventories  as  of  a  given  date,  and  not  the  cumula- 
tive quantities  of  abandoned  or  displaced  features. 

Mr.  W .  B.  Storey,  Jr.,  m.w.s.e.  If  we  take  the  value  of  the  rail- 
roads as  of  a  given  date,  a  railroad  embankment  five  years  old  is 
worth  more  at  the  time  the  inventory  is  taken  than  when  built. 
In  the  valuation  made  by  the  engineering  staff  of  Wisconsin,  is  the 
age  taken  into  account? 
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Prof.  Pence:  That  was  not  taken  into  account  in  the  1903  ap- 
praisal. It  is  a  matter  that  is  under  consideration,  however,  at  the 
present  time,  in  the  steam  road  revision  mentioned  in  the  paper. 

President  Loweth:  The  speaker  assisted  in  making  the  first  or 
1903  valuation  of  the  lines  of  the  Chicago,  Milwaukee  and  St.  Paul 
Railway  in  Wisconsin.  If  he  remembers  correctly,  the  law  required 
the  valuation  to  show  the  cost  of  reproducing  the  properties  as  they 
existed  in  the  30th  day  of  June,  1903.  The  valuation  was  to  be  based 
on  the  average  prices  for  labor  and  materials  prevailing  during  the 
five  years  previous  to  June  30th,  1902.  The  several  Railroad  Com- 
panies were  required  to  report  to  the  Tax  Commission  of  Wisconsin, 
on  blanks  furnished  for  the  purpose,  complete  statements  setting 
forth  in  detail  the  extent  and  character  of  their  properties,  showing 
itemized  quantities  in  detail  and  the  prices  assumed  for  each,  the  age 
of  the  various  structures  and  their  condition  per  cent,  or  deprecia- 
tion. The  time  allowed  for  gathering  this  data  and  making  the  val- 
uation was  quite  limited,  and  the  magnitude  of  the  task  much  greater 
than  first  assumed ;  especially  as  there  was  no  complete  inventory  of 
much  of  the  physical  properties,  and  their  age,  extent,  condition 
per  cent,  and  much  of  the  desired  data  could  only  be  determined 
as  a  result  of  a  survey  of  the  properties. 

The  difficulty  of  arriving  at  the  proper  prices  to  assume  for  the 
various  elements  of  labor  and  material  was  quite  perplexing,  and 
necessarily  included  the  multiplicity  of  various  kinds  of  material  and 
labor  entering  into  all  the  various  details  of  a  completed  and  operated 
railroad.  If  Professor  Pence's  diagrams  of  the  prices  of  materials 
had  been  available,  the  work  would  have  been  simplified,  but  it  will 
be  noticed  that  in  these  diagrams  the  prices  fluctuate  not  only  year 
by  year,  but  repeatedly,  and  often  fluctuate  largely  month  by  month 
and  week  by  week,  and  it  was  not  an  easy  task  to  determine  what 
were  the  fair  average  prices  for  a  period  extending  over  one  to 
six  years  in  the  past. 

Mr.  A.  Reichmann,  m.w.s.e.  Can  you  price  these  properties  with- 
in 25  per  cent? 

Prof.  Pence:  It  is  a  well  known  fact  that  many  of  the  differences 
in  such  valuations  are  based  upon  differences  in  the  premises,  and 
these  perhaps  are  established  by  attorneys  representing  different  in- 
terests or  points  of  view.  The  valuation  experts  may  disagree  be- 
cause of  a  lack  of  agreement  as  to  hypothesis  or  basis  for  the  val- 
uation. 

Mr.  Storey:  In  regard  to  the  average  of  prices  for  the  five  suc- 
ceeding years,  I  am  somewhat  uncertain  as  to  whether  it  is  the 
intent  to  take  the  average  of  those  five  years  and  apply  it  to  the 
"coming  year,  or  take  the  curve  of  the  average  and  continue  the 
curve  to  determine  the  price  for  the  coming  year. 

President  Loweth:  The  law  was  quite  definite  in  the  matter 
referred  to.  As  has  been  stated,  the  prices  to  be  assumed  for  both 
labor  and  material  were  to  be  the  average  prevailing  during  the 
five  years  previous  to  June  30th,  1902. 
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Mr.  Reichmqnn:  In  regard  to  assuming  the  average  prices  for 
a  period  of  five  years,  I  do  not  believe  that  this  is  fair,  because 
when  the  prices  are  high  railroad  companies  purchase  larger  quan- 
tities of  goods ;  that  is  to  say,  they  buy  more  than  their  normal 
requirements.  When  prices  are  low  the  reverse  is  true.  Take  for 
instance  this  year,  the  railroad  companies  have  not  consumed  over 
about  50%  of  their  normal  requirements  and  the  prices  have  been 
correspondingly  low,  so  the  average  price  would  not  represent  the 
average  cost  of  the  commodities  to  the  railroad  company.  In  order 
to  make  this  fair  it  would  be  necessary  to  multiply  the  average  con- 
sumption for  the  year  by  the  average  price  for  the  year  and  then 
make  averages  of ' these  averages. 

Prof.  Pence:  If  it  were  practicable  to  secure  the  necessary  data 
we  should  be  glad  to  give  consideration  to  a  weighted  average 
based  upon  the  magnitude  of  sales,  rather  than  use  open  market 
prices.  However,  we  find  it  impossible  to  work  it  out  on  the  basis 
proposed  by  Mr.  Reichmann. 

Mr.  Storey:  In  connection  with  the  difference  in  valuation  for 
taxation  and  rate-making  purposes,  Prof.  Pence  dwells  on  the  or- 
ganization of  the  staff  and  the  way  it  is  handled  in  Wisconsin,  and 
possibly  he  may  not  wish  to  give  an  opinion  or  to  state  any  facts 
outside  of  that,  but  I  would  ask  for  information  as  to  whether  there 
is  a  status  fixed  in  Wisconsin  by  the  two  commissions  as  to  any 
relation  that  shall  obtain  between  the  valuation  of  public  utilities 
and  railway  properties  for  taxation  and  for  rate-making  purposes? 
Do  the  commissions  recognize  a  different  status  for  those  two  pur- 
poses, or  do  they  take  the  same  valuation  and  apply  it  to  both 
purposes  ? 

Prof.  Pence:  It  should  be  remembered  in  this  connection,  how- 
ever, that  the  problem  of  fixing  values  for  all  the  railway  properties 
of  the  state  has  come  directly  before  but  one  of  these  state  commis- 
sions, viz.,  the  Tax  Commission.  It  is  only  in  a  few  cases  that 
the  other  commission  has  been  called  upon  to  use  the  data  already 
gathered  by  the  Tax  Commission,  with  respect  to  steam  railroad 
properties. 

Mr.  Storey:  I  asked  the  question  with  the  idea  simply  of  adding 
to  our  general  knowledge.  It  is  one  that  will  have  to  be  met  by 
all  of  us  sooner  or  later.  As  an  illustration  in  point,  I  have  in  mind 
the  matter  of  right-of-way.  If  a  railroad  obtains  a  right-of-way 
across  a  man's  farm,  it  has  to  pay  three  prices  for  it,  and  the  railroad 
should  be  allowed  to  earn  interest  on  such  cost.  The  question  is. 
should  such  a  figure  as  $150.00  per  acre  be  used  as  the  valuation 
for  taxation  purposes,  when  the  farm  adjoining  is  assessed  at  $50.00 
per  acre?  Questions  are  going  to  continually  arise,  and  I  think  if 
any  decisions  have  been  reached,  it  would  be  of  value  to  u>  to  know 
about  them. 

Prof.  Pence:  In  fixing  the  value  of  the  right-of-way  strip  in  the 
values  fixed  in  1903,  a  ratio  of  2  T/2  was  employed,  as  representing 
the  amount  which  would  be  necessary  to  reproduce  the  property. 
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For  electric  roads  the  ratio  was  later  found  to  be  practically  the 
same  as  that  used  for  the  steam  lines. 

President  Loweth:  In  the  first,  or  1903,  Wisconsin  appraisal,  a 
circular  letter  was  issued  by  the  State  Board  of  Assessment,  giving 
the  method  by  which  the  values  of  right-of-way  were  to  be  arrived 
at;  it  was  quite  interesting,  and  if  Prof.  Pence  would  embody  it  in 
his  paper,  I  think  it  would  add  to  the  interest.  Instances  were 
given,  as  I  remember  it,  in  which  the  values  of  the  right-of-way 
were  from  one  to  two,  three  and  four  or  more  times  the  values  of 
the  adjoining  land,  and  the  valuations  were  based  on  the  various 
incidental  costs  in  connection  with  acquiring  the  property,  such  as 
damages,  etc.,  in  addition  to  the  actual  value  of  the  land'  acquired. 

Mr.  Storey:  It  is  my  understanding  that  in  Wisconsin  they  make 
no  difference  between  the  valuation  furnished  for  the  taxation  board 
and  the  valuation  for  the  railroad  board. 

CLOSURE 

Prof.  Pence:  (by  letter.)  The  writer  regrets  that  some  of  the 
questions  raised  in  the  discussion  cannot  be  answered  at  this  time, 
for  reasons  already  indicated.  Certain  of  these  questions  touch 
matters  at  present  under  consideration  by  one  or  both  of  the  state 
commissions. 

The  discussion  of  this  paper  very  well  illustrates  the  varying 
view-points  customarily  found  in  appraisal  or  valuation  work.  The 
points  raised  by  one  speaker  seem  to  hinge  primarily  upon  the  ques- 
tion of  taxation.  Other  speakers  had  in  mind,  apparently,  the  danger 
of  under-valuation.  Ths  difference,  touching  upon  the  premises  or 
assumptions  adopted  in  making  the  valuations,  is  a  fundamental  one 
in  all  such  work.  As  already  explained,  the  Wisconsin  engineering 
staff,  serving  the  two  commissions,  has  steadfastly  sought  to  hold 
to  a  'middle-ground'  position,  and  it  has  been  assisted  in  this  en- 
deavor by  the  fact  that  the  physical  valuations  made  by  the  staff  are 
continually  judged  and  criticised,  and  often  attacked,  from  the  two 
opposing  directions  or  view-points.  Owing  to  this  condition,  a 
certain  balance  or  poise  is  maintained  which,  it  is  believed,  could  not 
otherwise  be  possible. 

It  should  again  be  stated  that  the  valuations  made  by  the  en- 
gineering staff  and  reported  to  the  two  commissions  as  evidence  for 
their  consideration,  relate  solely  to  the  tangible  physical  property. 
The  intangible  elements  of  value,  in  so  far  as  they  receive  considera- 
tion, are  handled  directly  by  the  commissions  themselves. 

An  extensive  list  of  "lives,"  scrap  values  and  minimum  service 
values  used  by  the  staff  in  the  valuation  work,  are  in  a  process  of 
revision  at  the  present  time.  It  is  hoped  that  these  may  be  wrought 
into  shape  for  publication  in  the  near  future. 


February,  1909 


MEMORIAL 

Charles  Harold  Tutton,  m.w.s.e. 

June  ip}  ipo8. 

Charles  Harold  Tutton  was  the  eldest  son  of  George  and  Sarah 
Henry  Tutton.  He  was  born  in  Tunkhannock,  Pa.,  May  10,  1851, 
and  when  eleven  years  old  entered  a  country  printing  office  where 
he  remained  until  he  was  fifteen  years  of  age. 

In  March,  1867,  ne  entered  the  service  of  the  Lehigh  Valley  Rail- 
road in  the  engineering  department,  and  from  1869  to  1872  he 
attended  the  Rensselaer  Polytechnic  Institute,  at  Troy,  N.  Y.  Be- 
tween 1 87 1  and  1873  he  located  and  built  the  Montrose  Railway  in 
Pennsylvania  and  also  worked  on  railroads  in  New  Jersey.  From 
1874  to  1877,  he  was  engaged  in  mining  and  general  engineering 
with  T.  A.  Stearns,  at  Wilkes  Barre,  Pa.  In  1878  he  was  employed 
in  bridge  engineering  at  South  Bend,  Indiana,  and  in  1879  returned 
to  Wilkes  Barre,  where  he  was  engaged  in  bridge  engineering  and 
mining  until  1882,  when  he  came  to  Buffalo  where  he  resided  until 
his  death. 

Mr.  Tutton  was  connected  with  the  Lehigh  Valley  Railroad  from 
1882  to  1888,  in  charge  of  the  company's  work  at  Buffalo,  in  con- 
nection with  the  Tifft  farm  improvements,  canals,  coal  trestles  and 
the  shore  protection  along  Lake  Erie  on  the  Hamburg  turnpike.  He 
also  built  the  company's  coal  trestles  in  Chicago.  From  1889  to 
1892  he  was  engaged  in  general  work  for  contractors,  who  during 
this  time  built  a  number  of  trestles  on  the  Adirondack  and  St. 
Lawrence  Railroad,  the  Lehigh  Valley  coal  trestles  at  Cheektowaga 
(the  largest  in  the  world),  the  new  Buffalo  city  reservoir,  etc. 
After  1893  he  was  connected  with  the  Bureau  of  Engineering  (De- 
partment of  Public  Works),  Buffalo.  In  this  capacity  he  had  charge 
of  the  erection  of  the  steel  liberty  pole  on  the  Terrace,  city  dredging 
operations,  Buffalo  river  improvements,  designing  and  constructing 
of  the  sewer  system  of  South  Buffalo,  the  erection  of  the  bridge 
over  Cazenovia  Creek,  the  city  survey,  plans  for  the  proposed  new 
water  works,  etc.  In  1889  he  was  a  candidate  for  city  engineer 
but  was  not  elected. 

In  December,  1882,  he  married  Fannie  C.  Draper,  of  Tamaqua, 
Pa.,  who,  with  three  daughters  and  one  son,  survives  him. 

Mr.  Tutton  was  an  able  and  successful  engineer,  and  contributed 
many  articles  to  engineering  magazines,  among  them,  being  "Flow 
of  Water  Through  Pipes,"  read  before  the  Western  Society  of  En- 
gineers in  1896.  He  was  known  throughout  the  country  as  a  genius 
in  mathematics,  and  his  personal  mathematical  manuscripts  are 
mai-vels  to  all  who  have  seen  them. 

He  was  a  member  of  the  American  Society  of  Civil  Engineers, 
elected  October  2,  1901 ;  of  the  Western  Society  of  Engineers,  from 
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1877;  of  the  Engineers'  Society  of  Western  New  York  from  its  or- 
ganization; and  of  the  American  Association  for  the  Advancement 
of  Science.  H.  G.  Tutton. 


Charles  A.  Smith,  m.w.s.e. 
October  20,  1908. 

Mr.  Charles  Arthur  Smith,  the  subject  of  this  notice,  was  born  at 
Naperville,  Illinois,  November  11,  1880,  and  died  in  Chicago,  October 
20,  1908,  following  an  operation  for  appendicitis.  He  was  graduated 
from  the  Northwestern  College  in  1901.  He  had  previously  en- 
tered the  service  of  the  Vandalia  Railroad  as  Rodman  in  1898,  and 
after  graduation  rose  to  the  position  of  Assistant  Engineer  for  that 
Company.  In  1902  he  entered  the  service  of  the  Chicago  &  Western 
Indiana  Railroad  as  Draftsman,  and  was  promoted  to  Assistant  En- 
gineer and  finally  to  Principal  Assistant  Engineer,  holding  the  latter 
position  at  the  time  of  his  death.  He  was  elected  a  member  of  this 
society,  November  12,  1906. 

While  with  the  Western  Indiana  Railroad  Company  Mr.  Smith 
was  entrusted  with  constantly  varying  work  of  a  different  and  re- 
sponsible character,  which  he  carried  to  completion  with  uniform 
success.  The  51st  Street  Engine  Terminal  of  that  company  stands 
today  as  an  evidence  of  his  ability  in  planning  and  handling  con- 
struction details. 

Only  those  close  to  him  could  appreciate  his  extraordinary  gifts 
of  intellect  and  his  sterling  character.  His  fellow  employees  were 
all  his  friends,  and  they  feel  a  keen  sense  of  personal  loss  that  he 
is  gone. 

The  sincere  sympathy  of  the  members  of  the  society  will  go  out 
to  the  wife  whom  he  left,  and  to  whom  he  was  married  only  a 
month  before  his  death. 

E.  H.  Lee, 
M.  K.  Trumbull, 
Committee. 
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PROCEEDINGS  OF  THE  SOCIETY. 
MINUTES  OF  THE  MEETINGS 

The  Annual  Meeting,  Tuesday,  January  5th,  1909. 

The  39th  Annual  Meeting  (being  No.  648  of  the  Society)  was  held  Tues- 
day evening,  January  5,  1909. 

The  meeting  was  called  to  order  by  President  Loweth  in  the  club  rooms  of 
the  Chicago  Athletic  Association,  at  125  Michigan  Avenue,  about  7  P.  M. 

When  the  secretary  read  the  report  from  the  Judges  of  Election,  the  pres- 
ident made  announcement  of  the  results  as  follows : 

Andrews  Allen  was  elected  President;  P.  Junkersfeld,  First  Vice  Presi- 
dent; O.  P.  Chamberlain,  Second  Vice  President;  W.  F.  M.  Goss,  Third  Vice 
President;  A.  Reichmann,  Treasurer;  and  Geo.  M.  Brill,  Trustee  to  serve 
three  years ;  also  that  W.  C.  Armstrong  and  L.  E.  Ritter  would  hold  office  as 
Trustees  for  one  and  two  years  respectively  and  be  on  the  Board  of  Direction, 
as  also  the  Past  Presidents,  B.  J.  Arnold  and  W.  L.  Abbott. 

By  mutual  consent,  the  further  business  of  presenting  the  annual  reports 
of  the  treasurer,  secretary  and  librarian  was  postponed. 

The  company,  118  in  all,  then  adjourned  to  the  new  banquet  room  where 
the  annual  dinner  was  served. 

After  the  dinner  President  Loweth  addressed  the  company  as  follows : 

Gentlemen  of  the  Western  Society  of  Engineers  and  Our  Honored  Guests. 

You  are  fortunate,  and  I  am  much  more  fortunate,  that  as  our  constitution 
does  not  require  of  the  retiring  president  an  address,  I  shall  take  your  time 
only  long  enough  to  present  a  few  figures  as  to  our  membership  and  financial 
condition ;  I  will  then  give  way  to  the  rich  program  which  our  very  efficient 
entertainment  committee  has  provided  for  us. 

The  membership  of  the  Western  Society  of  Engineers  has  not  increased 
during  the  past  year  in  the  same  proportion  as  in  some  previous  years,  due 
perhaps  to  the  financial  situation  which  has  prevented  many  from  joining  the 
society  who  might  otherwise  have  done  so.  Our  membership  at  this  time 
numbers  993,  seven  less  than  one  thousand.  It  is  made  up  of  2  honorary  mem- 
bers, 783  active  members,  67  associate  members,  and  141  junior  members. 
During  the  past  year  we  have  received  47  new  members ;  there  have  been  5 
deaths,  26  resignations,  and  23  have  been  dropped  from  the  rolls  on  account  of 
non-paymen.t  of  dues.  We  have  lost  five  members  by  death,  Air.  James  Dun, 
who  died  February  23,  1908;  Mr.  Charles  N.  Tutton,  who  died  June  19,  1908; 
Mr.  E.  H.  Beckler,  who  died  August  26,  1908;  Mr.  Charles  A.  Smith,  who  died 
October  20,  1908 ;  and  Mr.  Ossian  Guthrie,  who  died  October  25,  1908. 

The  total  receipts  of  the  society  for  the  past  year  from  membership  dues, 
the  Journal,  advertising  and  the  like,  amount  to  $18,232;  our  expenditures 
were  $18,398,  and  that  sum  includes  the  expense  of  our  new  quarters.  You 
will  see  that  our  expenditures  exceeded  our  receipts  by  about  $200,  and  it  was 
necessary  for  your  Board  of  Direction  to  make  a  loan  of  $1,600,  which  was 
made  about  the  15th  of  November,  for  sixty  days. 

The  cash  on  hand  at  the  beginning  of  the  year  was  $1,434.  The  society 
has  invested  in  interest  bearing  securities,  $9,200.  Of  this  amount  $2,000  is 
made  up  of  the  two  special  funds,  one  known  as  the  Chanute  Medal  Fund  of 
$1,000,  and  the  other  as  the  Arnold  Fund  of  $1,000.  These  two  funds  are  sep- 
arate funds  and  should  be  so  considered. 

During  the  past  year  your  Board  of  Direction  has  completed  the  work 
which  was  begun  a  year  ago  by  the  previous  board,  of  providing  new  and 
larger  quarters  for  the  society.  It  hardly  seems  necessary  tonight  to  describe 
these  quarters  to  you  or  to  tell  you  anything  about  them.  Most  of  you  have 
seen  them  and  they  have  spoken  for  themselves.  The  work  that  we  did  cost 
the -society  $6,580.  We  have  almost  doubled  the  floor  space  that  we  had  pre- 
viously.    We  have  very  much  better  quarters,  much  better  fitted  to  the  work 
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and  requirements  of  the  society;  yet  I  think  that  we  bid  fair  in  a  few  years 
to  outgrow  the  quarters  that  we  have  so  recently  acquired.  I  might  state  that 
we  have  made  a  ten  years'  lease  with  the  agents  of  the  Monadnock  Block  for 
the  quarters  we  now  occupy,  at  an  annual  rental  of  $2,500. 

During  the  past  year  we  have  held  twenty-eight  called  meetings  including 
the  meetings  of  the  Electrical  Section,  and  at  these  meetings  we  have  had 
interesting  papers  which  have  been  profitably  discussed.  These  papers  have 
been  of  a  varied  character,  covering  pretty  much  the  entire  range  of  engineer- 
ing. I  wish,  gentlemen,  that  you  older  members  of  the  society  who  attend 
functions  of  this  kind  would  be  more  regular  in  attending  the  meetings  of  the 
society,  for  I  know  that  it  would  be  quite  helpful  to  the  younger  men,  who 
are  quite  faithful  in  attending  these  meetings,  and  would  make  the  society 
more  useful,  and  our  Journal  more  interesting  and  profitable. 

You  are  doubtless  all  aware  that  we  have  what  is  known  as  the  Chanute 
Fund ;  a  gift  from  Mr.  Octave  Chanute  of  $1,000,  the  income  from  which  is  to 
be  used  each  year  in  awarding  a  medal  to  each  of  the  three  most  noteworthy 
papers  on  engineering  subjects.  One  for  the  best  paper  on  a  subject  in  civil 
engineering;  one  for  the  best  paper  on  a  subject  in  mechanical  engineering, 
and  the  third  for  the  best  paper  on  electrical  engineering.  The  papers  which 
have  been  esteemed  the  most  noteworthy  of  those  presented  to  the  society  by 
members  thereof  during  the  year  1907,  which  is  the  year  covered  by  the  re- 
port of  the  committee,  and  for  which  the  medals  have  been  awarded,  are  as 
follows : 

For  the  best  paper  in  civil  engineering;  to  Professor  F.  E.  Turneaure,  for 
his  paper  on  "The  Experimental  Determination  of  Stresses  in  Web  Plates 
and  Stiffeners  in  Plate  Girders." 

For  the  best  paper  in  mechanical  engineering;  to  Mr.  Walter  T.  Ray  and 
Mr.  Henry  Kreisinger,  for  their  paper  entitled :  "The  Nature  of  True 
Boiler  Efficiency." 

For  the  best  paper  in  electrical  engineering;  to  Mr.  D.  W.  Roper,  for  his 
paper  on  "A  Few  Unusual  Burnouts  of  Underground  Cables." 

It  appears  through  some  oversight  that  no  formal  set  of  rules  governing 
the  award  of  these  medals  has  been  drawn  up  by  the  Board  of  Direction  so 
far.  That  is  one  of  the  matters  which  should  be  attended  to  by  the  incoming 
board,  so  that  there  shall  be  a  better  definition  of  the  character  of  papers  en- 
titled to  these  awards.  The  Board  of  Direction  has  ordered  four  of  the  Cha- 
nute medals  struck  off  and  will,  when  received  from  the  maker,  award  them, 
accompanied  with  a  proper  diploma,  to  the  authors  of  the  three  papers. 

The  constitution  of  our  society  provides  for  four  classes  of  membership: 
Honorary  members ;  Active  members ;  Associate  members ;  and  Junior  mem- 
bers. We  have  had  on  our  rolls,  for  several  years,  one  honorary  member,  Mr. 
L.  P.  Morehouse,  who  was  the  early  secretary  of  the  society  and  who  served 
for  a  good  many  years ;  we  have  recently  added  one  more  name  to  our  roll  of 
honorary  members.  The  Board  of  Direction  at  its  last  meeting  received  the 
following  petition  signed  by  a  large  number  of  members  of  this  society.  I 
will  read  the  petition : 

Chicago,  December  3,  1908. 
Board  of  Direction,  Western  Society  of  Engineers,  Monadnock  Block,  Chicago. 

Gentlemen  :  The  undersigned  members,  respectfully  petition  that  Mr. 
Octave  Chanute  be  elected  an  honorary  member  of  the  Society.  Mr.  Chanute's 
membership  dates  back  to  the  year  1869,  when  the  Civil  Engineers'  Club  of 
the  Northwest,  the  predecessor  of  this  Society,  was  formed,  and  he  is  there- 
fore one  of  our  oldest  members.  His  long  career  as  an  engineer  has  been 
very  honorable  and  distinguished,  and  he  has  always  shown  a  special  solicitude 
for  the  welfare  of  our  Society,  contributing  to  it  liberally  of  his  time  and 
means.  His  devoted  work  in  the  interest  of  the  engineering  congresses  and 
the  entertainment  of  visiting  engineers  during  the  Chicago  World's  Fair  is 
well  remembered  by  all  those  who  were  fortunate  enough  to  be  in  attendance 
on  those  memorable  occasions.  He  has  been  signally  honored  by  ^  The  In- 
stitution of  Civil  Engineers,  the  great  English  national  society,  which  made 
him  an  honorary  member  in  1895.     We  think  it  is  time  that  our  Society,  which 
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is  so  largely  composed  of  his  neighbors  and  friends,  should  show  its  appre- 
ciation of  his  distinguished  merits  and  honor  itself  by  conferring  this  honor 
upon  him. 

(Signed  by  more  than  the  necessary  number  of  active  members  of  the 
Society.) 

It  is  hardly  necessary  to  state  that  this  petition  was  favorably  received  by 
the  Board  of  Direction,  and  at  its  last  meeting,  last  week,  the  board  formally 
acted  upon  it  and  duly  elected  Mr.  Octave  Chanute  an  honorary  member  of  the 
Western  Society  of  Engineers. 

I  am  not  able  in  the  short  time  that  is  permitted  me  to  say  what  might  be 
said  of  Mr.  Chanute.  You  all  know  him;  he  is  no  stranger  in  our  midst,  and 
we  have  loved  him  not  only  for  what  he  has  done  for  us,  as  a  Society,  but  for 
what  he  has  done  for  the  great  profession  of  engineering.  And  now,  gentle- 
men, Mr.  Chanute  will  address  you,  but  before  he  does  so  I  propose  that  we 
all  stand  and  drink  Mr.  Chanute's  health. 

Mr.  Octave  Chanute:  Gentlemen,  I  feel  deeply  grateful  to  your  Board 
of  Direction  and  to  the  members  who  did  me  the  honor  unsolicited  and  un- 
expected, to  propose  my  name  for  honorary  membership,  as  well  as  to  all 
the  members  of  the  society  who  have  thus  signified  their  approbation  of  the 
honor  done  to  me  in  electing  me  an  honorary  member  of  your  society.  It  is 
perhaps  due  to  the  fact  that  I  have  lived  long  enough,  and  I  sincerely  wish 
that  all  of  you  may  enjoy  similar  longevity,  and  that  some  of  you  shall  event- 
ually arrive  at  the  stage  of  honorary  membership. 

I  began  engineering  in  1848,  a  lad  of  seventeen,  in  the  original  building  of 
the  Hudson  River  Railroad.  At  that  time  there  were  but  few  engineers  in 
the  United  States  and  they  mostly  upon  canal  and  water-works  enterprises.  I 
have  lived  to  see  the  profession  increase  very  greatly  in  scientific  standing  and 
in  public  esteem.  I  have  seen  this  and  other  engineering  societies  increase 
greatly  in  numbers.  I  believe  that  the  oldest  society  of  engineers  in  the  world, 
the  British  Institute  of  Civil  Engineers  was  organized  in  1828  and  has  now 
increased  to  8,600  members.  The  French  society,  was  organized  in  1848,  the 
year  that  I  began  work,  with  I  think  37  members,  has  now  increased  to  3,700 
members  and  there  is  besides  a  large  and  influential  engineering  society  in  the 
Ponts  et  Chaussees,'  who  are  successfully  in  charge  of  the  public  works  of 
France.  The  American  Society  of  Civil  Engineers,  which  was  organized  in 
1852,  with  I  believe  seven  or  eight  members,  has  now  grown  to  a  membership 
of  4,500,  and  the  Western  Society  of  Engineers  which  was  organized  in  1869 
with  I  think  three  members,  has  now  grown  to  a  thousand.  I  sincerely  hope 
that  it  will  continue  to  increase  until  it  reaches  the  numbers  of  the  German 
society  which  I  believe  has  some  10,000  members. 

Meanwhile,  the  profession  has  grown  in  standing,  in  prestige  as  well  as  in 
numbers.  That  great  increase  in  numbers  is  probably  caused  by  the  fact  that 
these  various  societies  were  organized  about  the  beginning  of  the  railway  era 
which,  introducing  a  new  mode  of  transportation,  cheaper,  more  comfortable, 
and  quicker  than  that  then  existing,  caused  great  expansion  and  a  great  de- 
mand for  engineers.  It  is  possible  that  this  outlet  for  engineering  talent  may 
not  continue  with  the  same  rate  of  increase,  but  there  are  new  openings  for 
engineers  which  are  constantly  coming  forward,  and  which  lead  me  to  believe 
that  the  prosperity  of  the  profession  will  long  continue.  Already  various 
branches  which  have  hitherto  been  included  in  civil  engineering,  that  is,  min- 
ing and  metallurgical  work,  mechanical  work,  electrical  work,  etc.,  have  grown 
so  fast  that  they  have  warranted  and  required  the  organization  of  large  and 
prosperous  societies.  There  are  I  think  new  openings  for  civil  engineers, 
probably  in  the  irrigation  and  drainage  works,  and  it  is  a  curious  fact  that  a 
little  over  one  hundred  years  ago,  there  were  no  civil  engineers  in  Great 
Britain  and  when  they  began  the  reclaiming  of  their  waste  lands,  and  the  drain- 
age of  their  fens,  they  had  to  import  engineers  from  Holland  in  order  to 
show  them  how  to  do  it.  We  fortunately,  in  this  country,  have  already  a  good 
start  in  that  direction  and  I  expect  that  class  of  work  to  take  a  large  ex- 
pansion. There  are  besides,  the  improvement  of  our  navigable  waters,  the 
conservation  of  our  national  resources  which  has  lately  attracted  great  atten- 
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tion,  and  which  in  my  judgment  will  require  a  great  deal  of  work  from  the 
engineers.  But  above  all,  the  one  thing  for  which  I  am  most  particularly  grate- 
ful, is  that  thus  far  instances  of  dishonesty  and  graft  have  been  very  rare 
amongst  engineers.  The  profession  has  maintained  a  high  standard  both  of 
scientific  attainment  and  integrity  and  I  feel  sure  that  all  of  you  gentlemen 
will  do  your  utmost  to  maintain  and  increase  that  standing. 

I  thank  you  very  much  for  the  honor  you  have  conferred  upon  me. 

President  Loweth:  Forty  years  ago  and  a  little  more,  the  first  bridge 
across  the  Missouri  River  was  completed;  I  refer  to  the  bridge  at  Kansas  City 
now  used  by  the  Chicago,  Burlington  and  Quincy  Railroad.  That  bridge  is 
in  use  today  and  giving  good  service.  It  was  at  that  time,  and  for  many  years 
afterward,  a  very  notable  achievement  in  civil  engineering,  Mr.  Chanute  was 
chief  engineer  of  that  bridge,  the  first  bridge  built  over  the  Missouri  River. 
It  seems  a  happy  coincidence  tonight  that  chance  has  brought  Mr.  Chanute 
and  General  Dodge  side  by  side  at  this  table.  General  Dodge  was  engineer 
of  the  Union  Pacific  Railroad  about  the  time  that  Mr.  Chanute  began  the 
Kansas  City  Bridge,  and  he  began  the  work  of  building  a  bridge  over  the 
Missouri  River  between  Council  Bluffs  and  Omaha;  he  began  his  bridge  a 
few  months  before  Mr.  Chanute  began  his,  but  encountered  legal  difficulties 
which  caused  his  work  to  be  abandoned  temporarily,  and  so  his  bridge  was 
not  completed  until  soon  after  the  Kansas  City  bridge,  and  was  the  second 
bridge  over  the  Missouri  River. 

Mr.  Chanute  was,  for  many  years,  as  you  probably  all  know,  the  Chief 
Engineer  of  the  Erie  Railroad.  We  think  that  this  is  the  beginning  of  the  age 
of  concrete.  I  remember  perhaps  twenty-five  years  ago,  that  Mr.  Chanute  read 
a  paper  before  the  American  Society  of  Civil  Engineers,  in  which  he  described 
some  work  he  had  been  doing  on  the  Erie  Railroad  in  which  he  had  made  an 
extensive  use  of  concrete  in  strengthening  old  bridge  substructures,  so  that  he 
was  one  of  the  pioneers  in  the  use  of  concrete  which  is  so  generally  used 
today.  I  am  very  sure  that  this  society  has  honored  itself  in  electing  Mr. 
Chanute  an  honorary  member. 

Now,  gentlemen,  the  constitution  of  our  society  provides  that  the  newly 
elected  officers  shall  enter  upon  the  discharge  of  their  duties  immediately  upon 
notification  of  their  election.  It  is  my  pleasure  to  inform  you  that  Mr.  An- 
drews Allen  has  been  elected  president  of  the  Western  Society  of  Engineers, 
and  I  have  the  pleasure  of  introducing  to  you  Mr.  Allen  and  of  tendering  him 
the  gavel. 

President  Allen:     Gentlemen  of  the  Western  Society  of  Engineers: 

It  is  hardly  fair  to  expect  a  newly  elected  president  having  had  only  two 
hours'  notice  of  his  election  to  make  an  address  to  such  a  body  as  this.  This 
duty  is,  however,  as  Mr.  Loweth  has  said,  imposed  on  him  whether  he  will  ac- 
cept it  or  not.     I  have  no  choice,  so  I  will  make  my  address  very  short. 

I  am  deeply  sensible  of  the  honor  that  you  have  bestowed  upon  me,  espec- 
ially as  I  am  following  such  a  long  line  of  able  and  illustrious  men  who  have 
occupied  this  chair.  I  have  always  been  a  worker  in  the  ranks  of  this  society 
and  shall  continue  to  be.  The  thing  that  the  society  needs  to  make  it  a  success 
is  a  loyal  and  active  membership.  Its  officers  can  do  very  little  but  guide  and 
direct ;  the  motive  power  has  to  come  from  within.  As  I  look  at  the  year  that 
is  to  come  my  feeling  is  one  of  great  responsibility,  and  my  hope  in  assuming 
this  office  is  only  that  I  may  be  able  to  give  as  good  an  account  of  my  steward- 
ship as  the  president  who  is  just  retiring. 

We  have  a  very  interesting  program  this  evening  and  have  been  honored  by 
the  presence  of  some  most  distinguished  guests. 

It  is  fitting  in  this  age  of  rapid  construction  and  exploitation  to  sometimes 
look  back  at  the  work  that  has  been  done  by  the  older  civilizations.  We  are  a 
young  people;  the  things  that  we  have  accomplished  in  America  in  the  short 
time  since  its  discovery  and  settlement  are  phenomenal,  almost  magical,  if 
looked  at  from  the  standards  of  the  old  world.  It  does  us  good  occasionally  to 
get  back  and  see  what  the  other  civilizations  have  accomplished,  both  those 
which  have  flourished  and  passed  away  and  those  which  remain  either  in  their 
strength  or  in  their  decadence.     The  address  that  is  to  follow  will  bring  to 
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our  notice  the  engineering  works  of  the  great  empires  of  China  and  Japan,  the 
first  representing  perhaps  a  decadent,  at  least  a  stagnant  civilization,  the  other 
having  newly  come  to  a  sense  of  its  power  and  awakened  into  a  world-wide 
position. 

Mr.  Bates  needs  no  introduction  from  me.  He  has  served  as  president  of 
this  society  and  been  one  of  its  honored  members  for  a  great  many  years.  He 
was  formerly  engaged  in  railroad  engineering,  and  for  years  pursued  an  even 
career  in  that  work.  He  finally  left  the  railroad  service  and  went  to  contract- 
ing, and  it  only  took  him  a  few  years  to  retire  and  go  abroad.  He  comes  back 
to  us  with  the  wealth  of  information  gathered  there,  enriched  by  his  own  expe- 
rience in  a  most  varied  engineering  service,  and  I  take  pleasure  in  introducing 
Mr.  Onward  Bates. 

Mr.  Onward  Bates :  Mr.  President  and  fellow  members  of  the  Western  So- 
ciety of  Engineers,  and  our  invited  guests : 

This  is  truly  a  happy  meeting.  In  my  experience  I  have  never  known 
such  a  good  presidential  address  as  that  of  our  latest  past-president,  the  one 
we  listened  to.  Never  has  this  society,  it  appears,  been  in  as  good  a  condition, 
so  well  housed,  with  so  much  money  in  the  bank  and  such — I  was  going  to  say 
such  a  good  lot  of  fellows,  but  I  will  say  such  a  great  lot  of  good  fellows,  as  at 
the  present  time.  This  is  a  happy  occasion  indeed,  and  I  envied  him  tonight 
when  he  made  that  address  and  I  thought  of  the  past. 

I  have  seen  the  time,  gentlemen,  when  a  select  committee  would  come  to  my 
office  and  because  I  had  not  attended  a  meeting  would  make  me  pay  for  it,  and 
then  when  they  got  their  pay  they  seemed  so  well  pleased  that  I  rather  im- 
agined they  were  glad  I  stayed  away  from  the  meeting. 

I  wish  to  add  a  word  about  our  friend  Mr.  Chanute.  It  made  me  happy 
to  hear  this  petition  read  and  to  know  that  he  has  been  made  an  honorary 
member,  because  it  is  the  society  that  is  honored,  Mr.  Chanute  has  been  an  in- 
spiration to  young  engineers.  When  I  was  a  boy  I  enjoyed  the  friendship  of 
Captain  Eads  who  built  the  St.  Louis  bridge,  and  I  helped  him  build  it.  My 
name  does  not  go  down  to  history  in  that  connection,  but  I  remember  in  his 
office  there  was  a  framed  picture  of  Mr.  Chanute  who  had  just  recently  com- 
pleted the  Kansas  City  bridge  which  has  been  mentioned  this  evening,  and  I 
have  heard  praise  from.  Captain  Eads,  who  considered  Mr.  Chanute  at  that 
time,  forty  years  ago,  one  of  our  great  engineers.  The  career  of  such  men  as 
Chanute,  Eads,  and  Shaler  Smith,  has  been  a  great  inspiration  to  me.  So  that 
I  rejoice  in  this  honor  which  has  been  accorded  him  by  our  society. 

A  few  days  ago  our  latest  past-president  asked  me  if  I  would  not  address 
this  meeting.  After  coquetting  a  little  I  agreed;  of  course  I  was  going  to 
agree  anyhow :  anything  that  is  put  at  me,  I  take  in  an  engineering  line.  Then 
I  asked  him,  "What  shall  I  talk  about?"  "Why,"  he  said,  "about  your  trip 
abroad."  That  sounds  very  well,  "abroad,"  so  I  agreed  to  that.  I  said,  "How 
much  of  a  talk  do  you  want?"  He  said,  "Ten  minutes,"  and  then  he  thought 
a  little  bit  and  said,  "Fifteen  minutes  maybe."  Well,  you  know,  he  had  al- 
ready given  me  my  credentials  when  I  went  away.  I  carried  a  passport  signed 
by  Mr.  Root,  you  have  all  heard  of  Elihu  Root !  and  I  had  a  certificate  signed 
by  the  President  and  Secretary  of  the  Western  Society  of  Engineers,  stating 
that  I  was  a  member,  so  I  was  well  heeled  when  I  went  into  these  foreign 
parts. 

But  how  am  I  to  tell  all  about  a  six  months'  trip  in  ten  minutes  or  fifteen 
minutes  or  something  of  that  sort?  Why,  I  couldn't  get  as  far  as  Seattle  in 
that  time.  I  will  tell  you  what  I  think  I  am  going  to  do  now;  it  is  twenty 
minutes  to  ten,  and  I  want  you  to  hear  these  other  gentlemen,  particularly 
General  Dodge  and  Mr.  Trumbull,  on  those  interesting  subjects.  Anything 
that  I  can  say  about  engineering  in  China  and  Japan  can  be  just  as  well  said 
at  some  other  time,  and  if  I  may  be  excused  from  embarking  on  a  subject  that 
I  ought  to  have  ten  hours  for,  I  would  like  to  have  it  put  off,  because  we  have 
not  more  than  time  enough  to  allow  these  other  gentlemen  to  address  us  on 
subjects  that  we  cannot  hear  talked  of  again.  I  think  the  president  will  ex- 
cuse me,  and  if  he  will  I  will  agree  to  talk  to  you  in  one  of  the  regular  meet- 
ings this  winter. 
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President  Allen :  I  regret  very  much  that  I  shall  have  to  excuse  Mr.  Bates 
as  he  has  already  seated  himself.  I  would  not  do  so  otherwise,  I  can  assure 
him.  But  even  if  he  has  not  spoken  on  Engineering  in  China  and  Japan,  to- 
night, we  will  make  that  a  special  order  for  some  future  occasion.  We'  are 
sure  to  have  it  one  of  these  days.  I  know  that  he  will  be  very  glad  to  speak 
to  us  on  that  topic. 

Mr.  Bates:     I  will  agree  to  do  that. 

President  Allen :  Our  next  address  was  to  have  been  "The  Inland  Water- 
way," by  Mr.  E.  S.  Conway.  Unfortunately  Mr.  Conway  has  been  called  away 
from  the  city,  and  one  of  our  guests  has  very  kindly  consented  to  take  his 
place  on  the  program.  I  do  not  know  if  I  am  giving  away  secrets  in  mention- 
ing a  little  incident  in  this  connection,  but  the  chairman  of  the  entertainment 
committee  is  a  very  good  bargainer  apparently,  and  a  contract  is  a  contract  as 
I  know.  So  I  will  make  bold  to  say  that  when  Mr.  Morris  Trumbull  offered 
Mr.  Houghteling  a  seat  at  the  table  beside  Mr.  Frank  Trumbull,  he  attached  to 
it  a  promise  that  in  consideration  thereof  Mr.  Houghteling  would  consent  to 
speak.  I  am  advised  that  the  party  of  the  first  part  has  fulfilled  its  part  of 
the  contract.     I  now  call  upon  the  party  of  the  second  part,  Mr.  Houghteling. 

Mr.  James  Houghteling :  Mr.  President  and  members  of  the  chosen  people 
of  the  Western  Engineers  : 

I  want  first  to  apologize  for  my  presence  here  and  for  that  of  the  few  other 
Gentiles  whom  I  see  among  you.  I  suppose  Mr.  Fred  Delano  considers  that 
he  has  some  sort  of  right  to  be  here;  he  is  only  a  railroad  president  but  I  be- 
lieve he  did  do  something  in  a  rule  of  thumb  way  in  mechanical  engineering 
when  he  got  out  of  Harvard  College ;  but  he  has  forgotten  it  and  I  really  don't 
know  why  he  is  here.     But  it  is  very  consoling  all  the  same. 

This  man  at  my  right,  Mr.  Frank  Trumbull,  is  nothing  but  an  ex-railroad 
president;  but  he  can  talk.  I  don't  know  why  the  engineers  should  have  to 
get  outside  speakers  in  here,  from  the  samples'  I  have  had  so  far  of  what  they 
can  do  themselves. 

I  must  say  that  I  smiled  a  little  when  the  president  said  that  I  kindly  con- 
sented to  speak.  I  was  taken  by  the  throat !  I  was  invited  here  to  eat  and  to 
listen  and  then  they  proceeded  straight  away,  upon  my  acceptance  yesterday,  to 
bribe  me.  That  is  a  new  sensation ;  I  am  on  the  other  side  of  the  transaction, 
and  I  am  afraid  that  it  is  a  bad  bargain  all  the  way  around,  and  that  we  can 
all  say  what  the  man  said  who,  in  the  early  days,  went  over  from  Baltimore  to 
the  Western  Reserve  to  buy  hogs,  and  he  bought  them  and  drove  them  afoot 
across  the  Allegheny  mountains  and  the  market  went  down  and  he  sold  them 
in  Baltimore  for  just  what  he  paid  for  them  in  Ohio.  He  said,  "Anyhow  I 
had  the  company  of  the  hogs  for  six  weeks." 

I  am  not  going  to  take  any  great  amount  of  time  with  any  feeble  talk  that 
banker  folk  or  other  Gentiles  can  give  in  this  company.  I  thought  I  would 
revive  for  a  minute  or  two  some  recollections  of  engineers  that  I  have  known, 
and  as  I  thought  the  matter  over  this  afternoon  it  was  impressed  upon  me  that 
we  do  not  love  men  for  their  achievements.  There  was  a  very  distinguished 
gentleman,  General  Francis  A.  Walker,  president  of  the  "Tech,"  some  of  you 
men  know  him,  and  every  man  who  ever  knew  General  Walker  loved  him,  and 
we  loved  him  at  the  Sheffield  Scientific  School  where  he  was  a  professor. 
We  did  not  love  him  because  he  was  the  most  perfect  gentleman  that  ever 
sat  in  a  professor's  chair.  He  called  the  roll  with  a  "Mister"  in  front  of 
every  man's  name;  he  never  saw  or  attempted  to  see  or  dreamed  that  any- 
thing went  on  behind  the  benches,  that  there  was  any  "skinning"  or  "cribbing" 
or  anything  of  that  kind,  and  there  was  not.  We  played  the  game  fair  with 
him.  He  was  so  high-toned  a  gentleman  that  no  man  could^  without  shame, 
no  matter  how  hardened  he  was,  do  an  ungentlemanly  act  in  his  presence.  He 
was  a  great  scholar,  he  was  a  distinguished  soldier,  but  we  did  not  love  him 
for  these  things.  Why  do  you  suppose  we  loved  him?  Well  I  told  the  boys 
at  a  "Tech"  dinner  a  few  years  ago  why.  General  Walker  was  loved  by  us 
because  of  the  legend  there  was  in  the  school  that  when  he  was  a  young  man 
he  killed  a  man  with  a  billiard  cue.     That  is  the  reason  we  loved  him.     And 

February,  1909 


120  Society  Notes. 

so  you  cannot  tell  exactly  why  you  love  men,  but  it  is  not  on  account  of  their 
achievements. 

And  so  as  I  think  of  old  Julian  Kennedy,  who  builds  blast  furnaces ;  I  be- 
lieve he  is  somewhat  known  in  the  engineering  profession,  especially  among  the 
mechanical  men  as  being  quite  an  engineer.  He  was  a  fine  scholar,  he  was 
a  very  big  man,  he  was  a  man  as  Mulvaney  says,  who  had  hands  and  feet 
both  of  the  same  size,  number  twelve;  but  we  loved  him  because  he  licked 
Harvard  on  the  eight  and  in  the  single  sculls. 

There  was  that  great  mining  engineer,  John  Hays  Hammond,  who  has 
done  some  very  wonderful  things  in  the  profession,  some  people  say  he 
stands  at  the  top  of  the  profession.  I  remember  how  he  used  to  come  around 
to  the  other  fellows'  rooms  with  a  trigonometry  or  something  hugged  up 
against  his  side  as  if  there  was  a  sort  of  exosmosis  and  endosmosis  effect 
going  on  by  which  he  actually  acquired  learning,  and  say  "Well  fellows  how 
are  you  getting  along?"  and  it  was  that  genial  fellowship  of  the  man,  that 
sympathy,  that  boyishness  which  he  has  never  gotten  over,  those  qualities 
which  made  him  the  prince  of  good  fellows,  which  made  him  then  and  since 
loved  among  his  fellow  men. 

But  we  need  not  go  far  afield  to  illustrate  these  things :  there  is  our  own 
Isham  Randolph,  Sir  Galahad,  the  gentleman  of  the  old  school.  It  is  not  nec- 
essary, for  him  to  win  our  love,  to  be  the  head  of  our  own  great  engineering 
problem  here,  or  that  he  should  be  chosen  by  Mr.  Taft  to  go  to  Panama  to 
tell  them  whether  they  are  going  to  hold  that  dam  or  not.  He  lives  with  us 
because  of  the  qualities  of  heart,  and  those  qualities  that  make  a  man,  the 
brains,  and  honesty,  and  perseverance,  and  courage  and  self-sacrifice  which  are 
the  factors  of  true  manhood.  The  kind  of  manhood  that  you  find  mighty  often 
in  the  company  of  the  engineers. 

President  Allen:  The  next  address  is  on  "The  Railroad  Situation  of  To- 
day." This  is  a  very  large  subject,  indeed,  and  suggests  not  only  the  railroad 
situation  of  the  past,  the  era  of  exploitation  and  promotion,  but  the  present 
turmoil  in  the  railroad  world,  with  the  railroads  on  the  defensive  and  the 
States  and  the  Government  making  all  sorts  of  restrictions  and  attempts  at 
regulation.  It  also  suggests  what  will  ultimately  come  out  of  this  crucible  into 
which  the  materials  have  been  thrown.  This  is  the  problem  of  the  present 
for  results  in  the  future. 

Mr.  Trumbull  like  many,  I  might  say  most,  of  the  great  railroad  men  of 
this  country,  is  a  self-made  man  in  all  that  that  word  implies.  He  started  at 
the  age  of  fourteen  in  a  general  store,  and  has  worked  from  position  to  posi- 
tion until  at  the  present  time  he  occupies  the  position  of  president  of  the 
Colorado  &  Southern  R.  R.  System  and  the  head  of  that  reorganization  of 
which  he  was  formerly  receiver.  Mr.  Trumbull  comes  to  us  with  full  knowl- 
edge from  an  active  life  spent — hardly  that,  because  he  has  many  active  days 
before  him — spent  so  far  in  railroading,  and  I  take  great  pleasure  in  introduc- 
ing, as  I  know  the  society  will  take  great  pleasure,  in  hearing,  Mr.  Trumbull, 
and  in  calling  upon  him  to  speak  on  "The  Railroad  Situation  of  Today." 

(Mr.  Trumbull's  address  is  printed  elsewhere  in  this  issue  of  the  Journal. 
—Ed.)    ■ 

President  Allen :  Gentlemen,  the  railroad  business  is  the  greatest  in- 
dustry of  this  country,  and  in  that  sense  justifies  its  importance  on  this  pro- 
gram. We  will  all  welcome  the  day  when  the  spirit  of  co-operation  and 
friendship  on  the  one  hand  and  stewardship  on  the  other  shall  have  taken 
the  place  of  the  present,  and  the  past,  era  of  competition  and  rivalry,  a  relic, 
as  it  seems  to  me,  of  the  stone  age,  when  the  man  who  had  a  difference  with 
his  neighbor  went  after  him  with  a  club.  We  have  seen  some  recent  examples 
and  that  in  high  places,  but  in  the  end  the  club  must  go  and  it  must  be  the 
spirit  of  friendly  help  on  the  one  hand  and  stewardship  upon  the  other  as 
Mr.  Trumbull  has  so  eloquently  said. 

Now  it  is  my  pleasure  to  pass  to  the  concluding  address  of  this  evening, 
"The  Engineers'  Work  in  the  West  at  an  Early  Day  and  during  the  Civil 
War,"  by  General  Grenville  M.  Dodge.  Mr.  Dodge  needs  no  elaborate  in- 
troduction from  me.     He  came  west  in  1850  as  ax-man  on  the  Illinois  Central 
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Railroad.  His  career  since  that  time  has  been  intimately  connected  with 
the  development  of  the  country.  There  is  probably  no  man  in  the  country 
today  that  has  grown  up  with  the  railroads,  been  a  part  of  their  development 
and  formation  as  intimately  as  General  Dodge  has.  During  the  war  he  laid 
aside  his  duties  as  an  engineer  and  fought  for  his  country  until  peace  was 
declared.  He  made  the  original  reconnoissance  of  the  Union  Pacific  road  at 
a  time  when  the  engineering  party  had  to  be  guarded  by  a  squadron  of  cav- 
alry. And,  after  that,  when  the  building  of  the  Union  Pacific  was  decided 
upon,  he  was  sent  for  by  President  Lincoln  to  confer  as  to  the  starting  point 
of  the  enterprise. 

Since  that  time  he  has  probably  built  more  miles  of  road  than  any  other 
man  in  the  world.  I  might  take  up  your  time  in  enumerating  the  different 
positions  that  he  has  held  and  the  different  roads  that  he  has  built,  but  I  feel 
you  would  very  much  rather  hear  from  him  than  hear  as  elaborate  a  descrip- 
tion as  could  be  given  of  his  life  work.  Therefore,  I  take  great  pleasure 
in  calling  upon  General  Grenville  M.  Dodge  to  address  you. 

General  Grenville  M.  Dodge:  Mr.  President  and  comrades  of  the  Western 
Society  of  Engineers : 

It  is  a  great  pleasure  and  a  great  satisfaction  to  me  to  have  the  oppor- 
tunity to  meet  you.  You  probably  will  be  greatly  astounded  to  know  that 
you  are  the  first  body  of  engineers  that  I  have  ever  met  in  my  life.  I  came 
here  so  I  could  say  that  I  had  seen  a  body  of  civil  engineers,  and  I  wish  to 
say  to  you  that  I  take  great  pleasure  and  great  satisfaction  in  being  here 
when  you  paid  the  honor  you  have  to  my  old  friend  here,  Mr.  Chanute.  I 
would  have  come  all  the  way  from  my  home  here  to  have  witnessed  that  if  for 
nothing  else  and  I  thank  you  for  it. 

What  I  have  to  say  I  have  condensed  as  much  as  I  can  and  will  read  it 
to  you. 

(General  Dodge's  address  is  printed  as  the  initial  paper  in  this  issue  of 
our  Journal. — Ed.) 

President  Allen:  Gentlemen,  nothing  that  I  could  say  would  be  adequate 
to  express  to  General  Dodge  our  profound  appreciation  of  the  pleasure  he 
has  given  us  this  evening.  This  has  been  a  memorable  occasion  and  I  am 
sure  every  one  of  us  will  look  back  at  this  evening  as  long  as  we  live.  Gen- 
eral Dodge,  allow  me  on  behalf  of  the  Western  Society  of  Engineers  to 
tender  you  our  heartfelt  thanks  for  your  address  to  us  this  evening.  The 
meeting  then  adjourned. 

Electrical  Section,  January  15,  1909. 

A  regular  meeting  (No.  38)  of  the  Electrical  Section  (being  No.  649  of  the 
Society),  was  held  Friday  evening,  January  15,  1909. 

The  meeting  was  called  to  order  about  8:20  P.  M.,  by  Chairman  D.  W. 
Roper. 

The  secretary  announced  that  this  was  the  annual  meeting  of  the  Section, 
when  the  officers  for  the  year  1909  were  to  be  elected.  As  there  was  but  one 
ticket  in  nomination  presented  by  petition  at  the  meeting  in  December,  the 
motion  was  made  and  carried  that  the  vote  of  the  Section  be  cast  by  the 
secretary.     This  was  done  with  the  result  as  folldws : 

Chairman  to  serve  one  year,  Wm.  B.  Jackson ;  vice  chairman  to  serve  one 
year,  P.  B.  Woodworth;  member  of  the  Executive  Committee  to  serve 
three  years,  W.  L.  Abbott;  hold-over  members  of  the  Executive  Committee, 
K.  B.  Miller  to  serve  one  year,  and  E,  N.  Lake  to  serve  two  years. 

In  the  absence  of  Mr.  Wm.  B.  Jackson,  Prof.  P.  B.  Woodworth  took  the 
chair,  making  a  short  address.  He  then  introduced  Prof.  C.  F.  Burgess,  of 
Madison,  Wisconsin,  who  addressed  the  meeting  on  "Corrosion  in  Steam 
Boilers  as  an  Electrochemical  Phenomena."  This  was  illustrated  with  a 
number  of  lantern  slide  views. 

Discussion  followed  from  Messrs., P.  B.  Woodworth,  W.  L.  Abbott,  D.  W. 
Roper,  C.  Kemble  Baldwin,  R.  F.  Schuchardt,  and  J.  L.  Hecht. 

The  meeting  adjourned  about  10:15  P.  M. 
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Extra  Meeting,  January  20,  1909. 

An  extra  meeting  of  the  Society  (No.  650)  was  held  Wednesday  evening, 
January  20,  1909. 

The  meeting  was  called  to  order  about  8:20  P.  M.,  with  President  Allen 
in  the  chair,  and  about  75  members  and  guests  present. 

There  was  no  business  to  bring  before  the  meeting,  but  an  explanation  was 
made  and  apology  offered  for  the  unavoidable  absence  of  Mr.  R.  P.  Lamont, 
M.W.S.E.,  and  of  James  C.  Davis,  his  associate  in  the  American  Steel 
Foundries  Co.,  the  author  of  the  paper  for  the  evening  on  "Steel  Castings." 
The  paper  was  read  by  the  secretary,  after  which  lantern  slide  illustrations 
were  shown  of  some  notable  examples  of  steel  castings. 

Discussion  followed  from  President  Allen  and  Messrs.  James  C.  Hall- 
sted,  E.  N.  Layfield,  J.  H.  Warder,  Wm.  Sooy  Smith,  Ernest  McCullough, 
B.  A.  Gayman,  M.  Rilly,  B.  B.  Carter,  J.  C.  Bley,  W.  E.  Symons,  W.  V, 
Young,  and  Chas.  K.  Mohler. 

The  meeting  adjourned  about  10:20  P.  M. 

Regular  Meeting,  February  3,  1909. 

A  regular  meeting  of  the  Society  (No.  651)  was  held  Wednesday  evening, 
February  3,  1909. 

The  meeting  was  called  to  order  at  8:30  P.  M.,  with  President  Allen  in 
the  chair,  and  about  70  members  and  guests  present. 

The  minutes  of  the  meetings  of  January  5th  and  20th,  were  read  and  ap- 
proved. 

The  secretary  reported  from  the  Board  of  Direction  that  at  their  meeting 
held  February  2nd,  the  following  were  elected  into  the  Society : 

Wilbert  M.  Richards,  Chicago  Junior 

George  W.  Bulley,  Chicago Active 

John  Hornbrook,  Chicago,  Transfer  from  Junior  to  Active 

Maurice  L.  Carr,   Chicago   Active 

Albert  B.  Moore,  Chicago   .' Active 

^Frederic  A.  Bergbom,  Chicago Transfer  from  Associate  to  Active 

Frank  E.  Lamphere,  Chicago Transfer  from  Junior  to  Active 

Also  that  the  following  had  made  application  for  membership : 

Howard  Logan,  Chicago   Active 

Henry  B.  Sauerman,  Chicago Transfer  from  Junior  to  Active 

Alexander  R.  Webb,  Chicago  Junior 

Robert  M.  Black,  Berwind,  W.  Va.. Transfer  from  Junior  to  Active 

Daniel    B.    Luten,    Indianapolis,   Ind Active 

Paul    E.   Green,    Chicago Active 

Chas.    A.    Boughman,    Marshalltown,   Iowa Active 

Fred  C.  Taylor,  Chicago. Junior 

The  president  then  introduced  Past  President  H.  E.  Horton,  who  read  his 
paper  on  "Water  Storage  in  Elevated  Tanks  and  Standpipes,"  which  was 
illustrated  by  26  lantern  slide  views,  showing  various  designs  of  elevated 
tanks  and  supporting  framework. 

Discussion  followed  from  Messrs.  O.  E.  Strehlow,  T.  W.  Snow,  C.  B. 
Burdick,  J.  N.  Darling,  W.  W.  Curtis,  T.  L.  Condron,  C.  W.  Naylor,  W.  B 
Storey,  Jr.,  M.  H.  Dance,  H.  F.  White  and  the  author. 

Meeting  adjourned  at  10:05  P.M. 

Electrical  Section,  February  5,  1909. 

A  regular  meeting  (No.  39)  of  the  Electrical  Section  (being  No.  652  of 
the  Society),  was  held  Friday  evening,  February  5,  1909. 

The  meeting  was  called  to  order  at  8:15  P.  M.,  by  Chairman  Wm.  B. 
Jackson,  with  about  80  members  and  guests  present. 

The  reading  of  the  minutes  of  January  15th,  was  dispensed  with. 

Vol.  XIV.     No.  1 


Society  Notes 


123 


The  chairman  introduced  Dr.  E.  H.  Lewis,  who  explained  some  things 
about  the  study  and  research  of  the  speaker  of  the  evening,  and  then  intro- 
duced Prof.  Jagadis  Chunder  Bose,  of  the  Presidency  College,  Calcutta, 
India,  who  addressed  the  meeting  on  the  "Polarization  of  Electric  Waves." 
Some  interesting  and  ingenious  apparatus  was  used  to  illustrate  the  lecture. 

Discussion  followed  from  Prof.  P.  B.  Woodworth  and  Messrs.  W.  L. 
Abbott,  Fritz  Lubberger,  and  W.  B.  Jackson. 

The  meeting  adjourned  at  9:40  P.  M. 

Extra  Meeting,  February  17,  1909. 

An  extra  meeting  of  the  Society  (653)  was  held  Wednesday  evening, 
February  17,  1909. 

The  meeting  was  called  to  order  about  8  125  P.  M.,  with  President  Allen  in 
the  Chair  and  about  85  members  and  guests  present.  There  was  no  business 
to  bring  before  the  Society,  so  the  President  introduced  the  speaker  for  the 
evening,  Mr.  W.  S.  Potter,  of  Paterson,  N.  J.,  who  presented  his  paper  on 
"Manganese  Steel."  There  was  an  exhibit  of  specimens  of  this  metal,  in 
fractured  ingots  and  castings  and  in  some  rolled  specimens.  Some  lantern 
slide  views  were  exhibited  showing  samples  of  plates,  bars,  etc.,  twisted  and 
deformed  to  show  the  toughness  of  the  metal. 

Discussion  followed  from,  President  Allen,  W.  E.  Symons,  C.  L.  Strobel, 
E.  H.  Lynde,  C.  K.  Mohler,  A.  C.  Smith,  and  H.  S.  Bowen. 

Meeting  adjourned  about  10:45  P.  M. 

Extra  Meeting  February  25,  1909. 

An  extra  meeting  of  the  Society,  (No.  654)  to  which  ladies  were  invited, 
was  held  Thursday  evening,  February  25,  1909. 

The  meeting  was  called  to  order  about  8 130  P.  M.  by  President  Allen,  with 
about  150  members  and  guests,  including  many  ladies,  present. 

Mr.  Onward  Bates,  Past  President,  was  introduced  and  gave  an  interest- 
ing and  instructive  talk  relating  to  his  recent  trip  to  Japan,  China  and  the 
Philippines.  His  talk  was  illustrated  by  a  large  map  of  the  country,  projected 
on  the  screen. 

The  meeting  adjourned  about  9  130,  when  some  simple  refreshments  were 
served. 

J.  H.  Warder, 
Secretary 
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ANNUAL  REPORTS 
REPORT  FROM  THE  JUDGES  OF  THE  ELECTION. 

January  5,   1909.. 

The  undersigned  Judges  of  Election,  having  canvassed  the  ballots  cast 
for  officers  of  the  Western  Society  of  Engineers  for  the  year  1909,  have  the 
honor  to  report  as  follows : 

Total  number  of  ballots    cast    399 

Number  of  ballots  rejected  as  irregular   8 

Number  rejected  as  not  qualified  to  vote  on  account  of  non-payment 

of   dues    1  9 

Total  number  of  ballots  counted  390 

Total  number  of  ballots  cast  for  President,  Andrews  Allen 181 

J.  W.  Alvord   135 

W.  B.  Storey,  Jr 69 

Number  of  votes  cast  for   First   Vice   President, 

P.   Junkersfeld    363 

Number  of  votes  cast  for   Second   Vice   President, 

O.   P.  Chamberlain    360 

Number  of  votes  cast  for  Third  Vice  President, 

W.  F.  M.  Goss  204 

W.  K.  Hatt  68 

E.  H.  Lee 104 

Number  of  votes  cast  for  Treasurer, 

Albert  Reichmann 369 

Number  of  votes  cast  for  Trustee  for  three  years, 

G.  M.  Brill   223 

Ernest   McCullough    141 

(Signed)     H.    M.    Morse. 

Ernest  F.  Smith. 
W.  Birch-Nord. 

SECRETARY'S  REPORT. 

To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago. 

Gentlemen  :  Of  the  affairs  of  the  Western  Society  of  Engineers,  I  have 
the  honor  to  report  as  follows : 

The  membership  of  the  Society  has  not  materially  changed  since  January 
1,  1908.  There  were  54  applications  during  the  year  acted  upon,  of  which  10 
were  transfers  from  Junior  grade ;  and  8  were  applications  filed  in  1907,  of 
which  one  was  a  transfer  from  Junior.  Additions  of  new  members,  49 ;  less 
2  who  did  not  qualify,  or  47  net.  There  were  5  deaths,  26  resignations,  and  23 
dropped  for  non-payment  of  dues. 

Past-President  O.  Chanute  has  been  transferred  to  the  Honorary  grade. 

The  membership  now  stands  : 

Honorary  members   2 

Active    members,    resident 44° 

Active  members,  non-resident   343 

'  783 

Associate  members,    resident    57 

Associate  members,  non-resident 10 

67 

Juniors,  resident    99 

Juniors,  non-resident   42 

141 

Total    membership     993 
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This  lack  of  growth  was  to  be  expected,  considering  the  conditions  of  busi- 
ness for  the  past  year. 

The  five  deaths  among  our  active  members  were : 

James  Dun,  February  23,  1908. 

Chas.  H.  Tutton,  June  19,  1908. 

E.  H.  Beckler,  August  26,  1908. 

Chas.  A.  Smith,  October  20,  1908. 

Ossian  Guthrie,  October  25,   1908. 

During  the  year   there   were   28  called   meetings,   including   those   of   the 

Electrical  Section,  as  follows : 
1     Annual  Meeting. 

9     Regular  Meetings,  on  the  first  Wednesday  of  each  month  except  Jan- 
uary, July  and  August. 

8  Extra  Meetings. 

9  Electrical  Section  Meetings. 

1     Smoker  or  House-warming,  October  29th. 

There  was  also  a  one-day  Excursion  to  Gary,  Indiana,  October  8th. 

The  list  of  the  meetings  is  as  follows : 

Tuesday,  January  7,  1908 : 

The  38th  Annual  Meeting  (No.  621  of  the  Society)  was  held  in  the  Club 
Room  of  the  Chicago  Athletic  Association,  followed  by  a  dinner  and 
addresses  from  retiring  President  W.  L.  Abbott,  Dr.  Edmund  J.  James, 
President  of  the  Illinois  State  University,  and  others. 

Friday,  January  10: 

Regular  and  Annual  Meeting  (No.  29)  of  the  Electrical  Section  (being 
No.  622  of  the  Society).  Mr.  H.  Russell  Smith  (on  behalf  of  Mr. 
John  D.  Ihlder  of  New  York)  presented  a  paper  on  "Electric  Eleva- 
tors for  High  Buildings.'' 

Wednesday,  January  22: 

Extra  Meeting  (No.  623).  Topical  Discussion  by  Messrs.  W.  C.  Arm- 
strong, F.  H.  Bainbridge,  Andrews  Allen,  H.  E.  Horton,  A.  Reichmann 
and  President  Loweth,  "The  Wrought  Compressive  Member  for  Bridge 
Trusses." 

Wednesday,  February  5 : 

Regular  Meeting  (No.  624).  Professor  H.  B.  MacFarland  presented  his 
paper  on  a  "Test  of  a  Small  Suction  Gas  Producer  Plant." 

Friday,  February  14 : 

Regular  Meeting  (No.  30)  of  the  Electrical  Section  (No.  625  of  the  So- 
ciety). Mr.  James  N.  Hatch,  presented  his  paper  on  "The  Evolution 
of  the  Electric  Railway." 

Wednesday,  February  19 : 

Extra  Meeting  (No.  626).  Mr.  Wilson  E.  Symons  presented  his  paper 
on  "The  Passing  of  the  Steam  Locomotive." 

Wednesday,  March  4 : 

Regular  Meeting  (No.  627).  Mr.  Geo.  M.  Brill  presented  his  paper  on 
"Location,  Arrangement  and  Construction  of  Manufacturing  Plants." 

Wednesday,  March  11 : 

Regular  Meeting  (No.  31)  of  Electrical  Section,  (No.  628  of  the  So- 
ciety). Prof.  Morgan  Brooks  addressed  the  meeting  on  "The  Opera- 
tion of  Alternators  in  Parallel." 

Wednesday  March  25: 

Extra  Meeting  (No.  629).  Mr.  J.  N.  Darling  read  his  paper  on  "Some 
Features  of  Construction  of  the  South  Side  Elevated  Railway." 
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Wednesday,  April  i: 

Regular  Meeting  (No.  630).  Mr.  Wm.  M.  Torrance  read  his  paper  on 
"Reinforced  Concrete  Structures  in  the  Hudson  River  Tunnel  Work." 

Friday,  April  10: 

Regular  Meeting  (No.  32)  of  the  Electrical  Section,  (No.  631  of  the  So- 
ciety). Mr.  J.  C.  Kelsey  read  his  paper  on  "The  Relation  between  the 
Banker  and  the  Engineer'' 

Wednesday,  April  15: 

Extra  Meeting  (No.  632).  Professor  A.  N.  Talbot  presented  his  paper 
on  "Tests  on  Cast  Iron  and  Reinforced  Concrete  Culvert  Pipe." 

Wednesday,  May  6: 

Regular  Meeting  (No.  633)  Professor  J.  C.  Thorpe  presented  his  paper 
on  "Steam   Turbine  Development." 

Friday,  May  8: 

Regular  Meeting  (No.  33)  of  the  Electrical  Section  (No.  634  of  the  So- 
ciety). Mr.  F.  R.  Babcock  addressed  the  meeting  on  "The  Electrical 
Equipment  of  Steam  and  Gasoline  Automobiles." 

Monday,  May  18: 

Extra  Meeting  (No.  635).  Dr.  P.  H.  Dudley  read  his  paper  on  "Steel 
Rails  for  present  service;  their  Manufacture  and  their  Failures." 

Wednesday,  June  3: 

Regular  Meeting  (No.  636).  Mr.  E.  M.  Griffith,  Wisconsin  State  For- 
ester, addressed  the  Meeting  on  "The  Conservation  of  the  Forests  and 
Water  Powers  of  Wisconsin." 

Wednesday,  September  2 : 

Regular  Meeting  (No.  637).  Mr.  H.  von  Schon  read  his  paper  on  "The 
Analysis  of  an  Hydro-Electric  Project!' 

Friday,  September  25:  , 

.  Regular  Meeting  (No.  34)  of  the  Electrical  Section  (No.  638  of  the  So- 
ciety). Mr.  F.  A.  Sager  presented  some  "Notes  on  the  St.  Clair  Tun- 
nel Electrification." 

Wednesday,  October  7: 

Regular  Meeting  (No.  639).  Mr.  L.  R.  Stowe  presented  his  paper  on 
"Methods  of  Studying  the  Heat  Absorbing  Properties  of  Steam  Boil- 
ers." 

Friday,   October  16: 

Regular  Meeting  (No.  35)  of  the  Electrical  Section  (No.  640  of  the  So- 
ciety). Mr.  H.  B.  Gear  presented  his  paper  on  "The  Development  of 
an  Alternating  Current  Distributing  System." 

Wednesday,  October  21 : 

Extra  Meeting  (No.  641).  Mr.  A.  N.  Johnson  presented  (in  abstract) 
his  paper,  "Specifications  and  Notes  on  Macadam  Road  Construction." 

Wednesday,  November  4 : 

Regular  Meeting  (No.  642).  Col.  C.  McD.  Townsend  presented  his 
paper  on  "The  Improvement  of  the  Upper  Mississippi  River  between 
St.  Paul  and  St.  Louis — The  Work  of  the  National  Government." 

Fridav,  November  13 : 

Regular  Meeting  (No.  36)  of  the  Electrical  Section  (No.  643  of  the 
Society).  Mr.  W.  EVA.  Ryan  addressed  the  Meeting  on  "Recent  De- 
velopment in  Artificial  Illumination." 

Wednesday,  November  18 : 

Extra  Meeting  (No.  644).  Mr.  Carl  Scholz  addressed  the  Meeting  on 
"Coal  Briquetting." 
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Wednesday,  December  2 : 

Regular  Meeting  (No.  645).  Mr.  H.  H.  Evans  addressed  the  Meeting 
on  "Development  in  Electrification  of  Railway  Terminals." 

Friday,  December  11: 

Regular  Meeting  (No.  37)  of  Electrical  Section  (No.  646  of  the  Society). 
Further  Discussion  of  the  subject,  "Electrification  of  Railway  Ter- 
minals," by  Messrs.  Roper,  Storey,  Symons,  Abbott,  Camp  and  Evans. 

Wednesday,  December  16 : 

Extra  Meeting  (No.  647).  Professor  W.  D.  Pence  presented  his  paper 
on  "The  Work  of  the  Engineering  Staff  of  the  Wisconsin  Tax  and  Rate 
Commissions." 

During  the  past  summer  extensive  enlargement  and  changes  have  been 
made  in  our  quarters  on  the  seventeenth  floor  of  the  Monadnock  Block. 
The  increase  in  space  takes  in  the  full  width  of  the  building  with  windows 
on  both  sides,  thereby  securing  light  and  air  from  both  east  and  west.  The 
space  secured  from  the  agents  of  the  building  measures  a  little  over  thirty- 
eight  hundred  (3800)  square  feet,  and  a  new  lease  for  a  term  of  ten  (10) 
years  was  taken  at  a  rental  of  $2,500.00  per  year.  The  original  corridor  walls 
were  taken  out  and  new  partitions  put  up  about  a  central  portion  for  an 
assembly  room  which  is  36  feet  wide  by  44  feet  long,  with  a  seating  capacity 
of  about  170.  The  library  is  along  the  east  wall,  and  along  the  west  wall  are 
two  smaller  rooms,  one  for  the  use  of  committees,  the  Board  of  Direction, 
etc.,  and  the  other  a  work  and  store  room.  The  reading  room,  at  the  right  of 
the  entrance,  is  the  space  formerly  used  for  the  same  purpose,  while  the  ac- 
commodations for  the  secretary  and  his  assistants  are  at  the  left  of  the  en- 
trance. The  entrance  from  the  corridor,  with  wide  double  doors  having 
plate  glass  panels,  opens  into  a  pleasant  reception  space,  which,  however,  is  not 
separated  by  any  partitions  from  the  reading  room  or  secretary's  office  to  the 
right  and  left  respectively.  A  glass  ceiling  overhead  gives  plenty  of  daylight 
from  a  large  sky-light  of  the  building.  The  usefulness  and  attractiveness  of 
the  new  quarters  is  shown  by  the  increase  in  the  number  of  visitors  and  the 
greater  use  made  of  the  library  and  reading  room. 

Very  respectfully  submitted, 

J.    H.   Warder, 
Secretary. 

LIBRARIAN'S  REPORT. 

To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago,  III. 

Gentlemen  :  The  librarian  begs  to  submit  the  following  as  his  report  on 
the  library  of  the  Society. 

Number  of  books  accessioned  up  to   December  31,   1908 6,957 

Number  of  books  accessioned  up  to  December  31,   1907 6,583 

Additions  to  the  library  during  1908 374 

These  may  be  classified  as  follows : 

Number  of  volumes  of  serials  bound  by  the  Society 77 

Number  of  bound  books,    (gifts  and  exchanges) 172 

Number  of  volumes  bought  by  the  Society 51 

Number  of  pamphlets  accessioned 74 

The  total  charge  against  the  library  for  1908  is $492.46 

Less   sundry   returns   to   the  library   account 22.50 

Net  charge  against  the  library  $469.96 
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Classified  as  follows  :     ■ 

Services    $271.70 

Books  purchased  1 12.21 

Binding  of  books 78.45 

Sundries   7.60 


Total    $469.96 

Account  for  furniture  and  fixtures  for  1908 $508.65 


Total $978.61 

Very  respectfully  submitted, 

J.  H.  Warder, 
Librarian. 

TREASURER'S  REPORT  FOR  THE  YEAR  ENDING  DECEMBER 

31st,  1908. 

January  2nd,  1909. 
To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago,  III. 

Gentlemen  :     I  respectfully  submit  herewith,  a  statement  of  the  Treasurer's 
account  for  the  year  ending  Deccember  31st,  1908,  as  follows: 

Cash  Statement. 

January  1,  1908,  cash  in  bank  subject  to  check $844.29 

Receipts. 

Dues  $10,447.58 

Entrance  Fees   650.00 

Subscription  to  Journal 35I-Q9 

Advertising    2,796,64 

Sales   Journal    157-45 

Interest    639.65 

Library  account 22.50 

House  expense   i53-6o 

Sta.  Postage  and  Exchange 4x-38 

General  Printing 245.90 

Furniture  and  Fixtures 25.00 

Chanute  Medal  Fund  Account 25.00 

Investments    2,000.00 

J.  H.  Warder   10.00 

Colo.   Trust  &   Savings  Bank 1,586.67        $19,152.46 


Expenditures. 


$19,996.75 


Journal    Account    $4,203.93 

Library    Account    492.46 

House   Expense    3,503.66 

Sta.  Postage  and  Exchange  634.51 

General    Printing    936.90 

Furniture  and   Fixture   Acct 105.20 

Advertising    143-25 

Insurance  Account  1 1700 

New   Quarters   Acct 6,580.32 

Enti  ance    Fees    10.00 

Medal  Account   5000 

Services     1,775-00        $18,552.23 

Dec.  31st,  1908,  cash  in  bank  subject  to  check 1. 188.77 

Dec.  31st,  1908,  cash  on  hand 255.75 

$19,996.75 
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Statement  Jan.   ist,   1908. 

To  credit  Western  Society  of  Engineers $  9,878.09 

Chanute  Medal  Fund 1,174.00 

Arnold   Fund    1,000.00 

$12,052.09 

Investments    11,207.80 

Cash    844.29 

$12,052.09 
Statement  Jan.  ist,  1909. 

To  credit  Western  Society  of  Engineers $  6,853.32 

Chanute    Medal    Fund 1,199.00 

Arnold  Fund  1,000.00 

$  9,052.32 

Investments   9,207.80 

Cash   1,444.52 

$10,652.32 
Col.  Trust  &  Savings  Bank  loan 1,600.00 


$  9,052.32 
Respectfully  yours, 

(Signed)  Albert  Reichmann, 

Treasurer. 
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A  Guide  to  Technical  Writing.  By  T.  A.  Rickard,  the  Mining  and  Scien- 
tific Press,  San  Francisco,  California,  1908.  Cloth,  5^  by  8  ins.  Price, 
$1.00. 

This  is  an  admirable  book,  containing  so  much  good  advice  to  writers 
generally,  particularly  those  interested  in  technical  matters,  that  any  one  con- 
cerned with  the  publication  of  such  papers  wishes  the  little  book  could  be 
placed  in  the  hands  of  the  great  multitude  of  present-day  writers,  if  they 
would  only  read  and  profit  by  the  instructions  contained  therein. 

The  publishers  of  the  book,  "The  Mining  and  Scientific  Press"  of  San 
Francisco,  have  been  established  many  years,  and  the  high  character  of  the 
writings  of  that  technical  paper  bears  testimony  to  the  ability  of  the  author 
of  this  book  to  write  good,  plain,  clear  English,  and  on  technical  subjects. 
The  instructions  as  to  the  use  of  abbreviations,  numbers,  and  hyphens  are 
good  and  are  illustrated  with  examples  and  explanations,  making  the  rules 
more  easily  remembered.  All  through  the  book  are  many  delicious  little 
touches  of  humor  that  enliven  the  matter  and  tempt  to  further  reading.  One 
chapter  on  the  use  and  abuse  of  the  word  "very,"  with  a  few  other  "uncon- 
sidered trifles,"  and  another,  "Concerning  Titles,"  are  worth  the  price  of  the 
book.  There  are  many  other  good  points  in  the  book  and  the  observation 
of  the  hints  therein  contained,  will  result  in  the  use  and  printing  of  better 
English  by  our  technical  men. 

Finally, 

"Have  something  to  say,  then  say  it." 

"Avoid  the  use  of  words  the  meaning  of  which  is  doubtful  to  you." 

"Make  your  meaning  clear;  then  consider  style,  but  sacrifice  elegance, 
even  modesty,  to  directness  of  statement." 

Above  all  things,  Remember  the  Reader. 
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Electrical  Engineers'  Pocket  Book,  of  useful  Data  for  Electricians  and 
Electrical  Engineers.  By  Horaito  A.  Foster,  with  the  collaboration  of 
eminent  specialists.  5th  edition,  completely  revised  and  enlarged.  4^4 
by  7  ins.  1636  pages,  many  tables,  diagrams  and  illustrations.  Extensive 
index  and  thumb  index.  Leather  bound.  Full  gilt.  Price,  $5.00.  D.  Van 
Nostrand  &  Co.,  New  York,  1908. 

The  fifth  edition  of  this  useful  book  shows  quite  an  improvement  over 
previous  volumes ;  in  other  words,  it  seems  to  have  kept  pace  with  the  rapid 
advance  in  the  art  since  the  earlier  editions.  The  new  book  is  about  half 
again  as  voluminous  as  the  fourth  edition,  showing  the  addition  of  a  large 
mass  of  new  matter. 

In  a  few  matters  the  improvement  given  appears  too  limited,  as  for  in- 
stance in  regard  to  data  for  cooling  electrical  apparatus.  Air  cooled  apparatus 
forms  a  large  part  of  central  station  installations  and  data  regarding  same 
would  be  of  value.  Unit  weights  of  apparatus  used  in  electrical  installations 
appear  to  be  missing. 

With  a  few  exceptions  of  this  kind  the  book  is  fairly  complete  and  much 
thought  and  labor  has  evidently  been  spent  on  that  most  important  section, 
the  index,  thus  adding  very  materially  to  the  usefulness  of  the  volume.  It 
should  find  a  place  on  every  engineer's  desk.  C.  A.  K. 

Laboratory  Notes  on  Industrial  Water  Analysis.  A  Survey  Course  for 
Engineers.  By  Ellen  H.  Richards,  Instructor,  Mass.  Inst.  Tech.  New 
York,  John  Wiley  &  Sons.    1908.    Cloth,  6  by  9  ins. ;  pp.  48.    Price,  50  cents. 

This  is  a  desirable  book  for  engineers  who  have  a  little  working  knowledge 
of  chemistry  and  are  interested  in  the  subject  of  water  supply  for  industrial 
or  domestic  use,  with  but  limited  experience  in  analytical  chemistry,  and  the 
use  of  this  little  book.  At  least  preliminary  investigation  can  be  made  of  an 
unknown  water,  to  decide  whether  it  should  be  investigated  further  or  aban- 
doned in  favor  of  some  other  supply.  It  is  not  a  book  to  be  of  much  service 
to  trained  analytical  chemists,  but  should  be  of  considerable  value  to  engineers 
as  above  noted.  The  scale  producing  constituents  of  natural  waters,  by  their 
almost  universal  presence  to  a  greater  or  less  degree,  are  of  much  interest 
to  those  concerned  with  steam  power  generation,  as  well  as  some  other 
industrial  pursuits.  Accordingly  the  author  gives  a  simple  classification  of 
three  divisions,  under  which  industrial  waters  may  be  first  examined  and 
rated.  Subsequent  exercises  and  explanations  will  enable  the  engineer  to 
arrive  at  a  fair  conclusion  as  to  whether  the  water  can  be  used  as  it  is, 
or  whether  it  can  be  modified  (softened  or  neutralized)  within  a  reasonable 
cost,  and  thus  make  it  available. 

At  the  end  of  the  book  is  a  page  giving  "Some  Useful  References,"  or 
a  partial  bibliography  of  the  subject  that  is  of  interest  to  those  concerned 
in  the  question  of  Water   Supply.  W. 

Theory  and  Design  of  Reinforced  Concrete  Arches.  A  treatise  for  en- 
gineers and  technical  students.  By  Arvid  Reuterdahl,  Sc.  B.A.M.,  Chief  of 
Bridge  Department,  Engineering  Department,  City  of  Spokane,  Washing- 
ton. (Formerly  Instructor  of  Mathematics  at  Brown  University  and  Pro- 
fessor of  Physics  at  Colby  College.)  Chicago,  The  Myron  C.  Clark  Pub- 
lishing Co.    Cloth,  6  by  9  ins. ;  pp.  124.    Price,  $2.00. 

This  book  is  a  timely  treatise  on  an  old  but  important  branch  of  engineer- 
ing. The  author  has  had  under  his  charge  the  design  and  erection  of  several 
important  reinforced  concrete  arches  for  the  City  of  Spokane,  and  with  his 
experiences  as  a  teacher  in  mathematics  should  be  qualified  to  write  (as  he 
sta^s  in  the  preface)   a  book  for  the  practical  engineer. 

The  effort  of  the  author  is  to  demonstrate  fully  and  supply  the  missing 
steps  in  "works  which  have  heretofore  appeared  on  this  subject  which  arc 
so  mathematically  abstruse  or  leave  so  much  to  the  reader  to  demonstrate 
for  himself."  The  subject  is  treated  in  three  chapters:  First,  Theory  of  the 
Elastic   Arch;   second,    Design   of  a   Reinforced    Concrete   Arch;    and   third, 
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Calculation  of  Fibre  Stresses,  with  Appendix  A.  and  B.     The  arch  fixed  at 
the  ends,  with  no  hinges,  is  the  only  one  discussed. 

In  Chapter  I,  the  author  starts  directly  in  to  develop  the  forces  of  the 
Elastic  Arch  without  preliminary  discussion  or  introduction.  In  the  middle 
of  the  chapter  he  develops  the  theory  of  the  equilibrium  polygon  and  explains 
its  use.  Then  a  full  discussion  of  temperature  effects  completes  the  chapter. 
There  is  much  of  interest  which  could  have  been  said  in  a  few  pages  on  the 
Historic  Development  of  the  Arch  theory;  especially  a  brief  definition  of  the 
"Elastic  Theory"  and  its  peculiar  fitness  to  the  reinforced  concrete  arch  over 
that  of  the  masonry  or  stone  arch,  would  not  have  been  out  of  place.  The 
author  in  this  chapter  follows  somewhat  closely  the  well  known  work  of 
William  Cain. 

In  Chapter  2,  we  have  the  Loading  for  Railway  and  Highway  Bridges; 
two  formulae  for  determining  the  crown  thickness  for  trial  arch ;  proportion- 
ing the  backing;  amount  of  steel  reinforcing,  and  properties  of  concrete  and 
steel  briefly  discussed.  Conditions  for  calculations  and  the  design  of  a 
seventy  foot  span,  fifteen  feet  rise,  arch  for  highway  bridge  are  carried  out 
with  complete  detail.  A  comparison  of  the  two  (Well's  and  Luton's)  trial 
crown  thickness  formulae  with  the  many  others  proposed  by  different  authors 
and  also  with  the  actual  crown  thickness  of  many  arches  already  built  would 
have  been  of  interest  to  most  engineers  and  of  value  to  many.  It  is  to  be 
regretted  that  there  is  not  a  more  complete  set  of  tables  giving  important 
dimensions  of  arches  in  service>  the  tables  in  "Howe's  Symmetrical  Masonry 
Arches"  being  the  most  complete  in  the  reviewer's  knowledge. 

Under  the  "properties  of  concrete"  the  reviewer  would  be  inclined  to 
criticise  the  author's  method  of  giving  the  modulus  of  elasticity  of  "Burnt 
Clay  Concrete  =1, 500,000"  and  of  "all  other  concrete  3=2,000,000"  as  inaccurate 
in  statement. 

Under  "Properties  of  Steel"  it  is  the  reviewer's  opinion  that  authorities 
agree  in  basing  the  factor  of  safety  for  the  steel  element  in  the  composite 
structure  upon  the  elastic  limit  of  the  steel  rather  than  upon  the  ultimate 
strength  as  does  the  author.  Also  it  appears  slightly  incorrect  to  use  the 
ratio  n  =20  when  the  maximum  compression  allowed  in  the  concrete  at  600  lb. 
per  sq.  in.  as  15  would  be  more  nearly  a  correct  ratio. 

The  author's  method  of  dividing  the  arch  ring  so  as  to  make  s-^-I  con- 
stant could  be  slightly  abbreviated  by  using  the  method  of  Turneaure  and 
Maurer  in  their  book  "Principles  of  Reinforced  Concrete  Construction."  The 
last  chapter — Calculation  of  Fibre  Stresses — is  complete  in  tables  and  detail 
calculations  with  a  bibliography.  It  appears  that  in  treating  the  temperature 
stresses  something  should  have  been  said  about  the  natural  shrinkage  of  the 
concrete  in  setting,  which,  if  the  arch  is  built,  (as  many  small  arches  are 
built)  in  longitudinal  strips  over  the  full  arch,  will  give  rise  to  stresses 
equivalent  to  that  of  a  greater  range  in  temperature  than  allowed  by  the 
author.  These  shrinkage  stresses  may  be  provided  for,  however,  by  a  different 
method  of  construction,   which  might  have  been   mentioned. 

Appendix  A  is  a  copy  of  the  specifications  of  the  Concrete  Steel  Engineer- 
ing Company,  New  York.  Appendix  B  is  also  a  copy  of  a  recent  addition  to 
the  building  code  of  St.  Louis  covering  concrete  work. 

On  the  whole,  however,  everything  about  the  book  appears  carefully  and 
well  done,  although  the  author,  in  his  attempt  to  simplify  and  make  plain, 
has  inserted  steps  and  repeated  equations  so  that  the  book  at  first  sight  would 
doubtless  look  forbidding  to  a  practical  engineer.  Most  engineers  are  called 
upon  but  occasionally  to  design  arches,  and  in  the  interval  they  are  apt 
to  forget  much  of  the  procedure,  and  such  a  book  as  the  above  to  refresh 
their  minds  and  keep  them  in  the  straight  and  narrow  way  of  rectitude, 
saves  many  times  the  value  of  the  book  in  mental  worry  lest  they  jump  the 
rails  at  some  critical  point,  and  this  book  is  admirably  fitted  for  such  a 
purpose.  W.  A.  H. 
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The  Library  Committee  wishes  to  express  thanks  for  donations 
to  the  library.  Back  numbers  of  periodicals  are  desirable  for  the 
change  and  in  completing  valuable  volumes  for  our  files. 

Since  the  issue  of  the  Journal  for  December,  1908,  we  have  the 
pleasure  .to  report  the  following  additions  to  the  library  and  gifts 
from  donors  named: 

MISCELLANEOUS   GIFTS. 

Commercial  Club,  Chicago — 

"Plan  for  a  Boulevard  to  connect  the  North  and  South  Sides 
of  the  River  on  Michigan  Ave.  and  Pine  Street."     Pam. 
Worcester  Polytechnic  Institute,  Worcester,  Mass. — 

"39th  Annual  Catalogue.     1908-09."     Pam. 
Auditor  of  State  of  Ohio,  Columbus,  Ohio — 

"Comparative  Statistics  of  State  of  Ohio."  1907.    Pam. 
D.  Van  Nostrand  &  Co.,  New  York — 

"Electrical  Engineers'  Pocket  Book."    Foster.    Leather. 
J.  Frank  Foster,  Chicago — 

"Report  of  the  South  Park  Commission  from  December  1, 
1906  to  February  29,  1908,  inclusive."    Pam. 

John  Wiley  &  Sons,  New  York — 

"Laboratory  Notes  on  Industrial  Water  Analysis."  Richards. 
L.  Bush,  m.w.s.e.,  New  York — 

"Bush  Train  Shed,  Lackawana  Railway  Terminal,  Hoboken, 
N.  J."    Pam. 

Massachusetts  Institute  of  Technology,  Boston — 

"Catalogue,  December  1908."     Pam. 

Armour  Institute,  Chicago — 

"Bulletin,  Vol.  II,  No.  I." 

Public  Service  Commission,  New  York — 

"Reports  Adopted  December  nth  and  18th,  1908."  2  Pams. 

Board  of  Railroad  Commissioners,  Iowa — 

"30th  Annual  Report,  1907."    Cloth. 

Department  of  Mines,  Canada — 

"Explorations  in  Nova  Scotia,  1907." 

"Geology  and  Mineral  Resources  in  New  Brunswick."  2  Pams. 

Mining  and  Scientific  Press,  San  Francisco — 

"A  Guide  to  Technical  Writing."    T.  A.  Rickard.     Cloth. 

Purdue  University,  Lafayette,  Ind. — 

"Annual  Catalogue,  1907-08."    Pam. 

John  Wiley  &  Sons,  New  oYrk — 

"Hydraulic  Tables."     Williams  &  Hazen,  2nd  edition   1907. 

William  H.  Burr,  New  York— 

"Report  on  Design  and  Construction  of  Queensboro  Bridge," 
with  chart  and  drawings.     Paper. 

Macmillan  Co.,  New  York — 

"Artificial  Waterways  and  Commercial  Development."  Hep- 
burn.    Cloth. 

R.  Modjeski,  m.w.s.e. — 

"Royal  Commission,  Quebec  Bridge  Inquiry."  Vol.  II,  1908. 
Cloth. 
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Missouri  Bureau  of  Geology  of  Mines — 

"The  Lime  and  Cement  Resources  of  Missouri."    Cloth. 
State  Engineer  and  Surveyor,  Albany,  N.  Y. — 

"Annual  Report,  1907." 
N.  Clifford  Ricker,  Urbana,  111.— 

"6th  Biennial  Report  of  Board  of  Examiners  of  Architects." 
2  Pams. 

Wisconsin  State  Forester,  Madison — 

"Report  for  1907-08."     Pam. 

Railroad  Commissioners,  New  Hampshire — 

"64th  Annual  Report,  1908."    Cloth. 
Illinois  Highway  Commission — 

"Second  Annual  Report,  1907."    Pam. 
Public  Service  Commission,  New  York.    2  Pams. 

"Report  on  Car  Fender  and  Wheel  Guard  Tests." 

"Report  on  Traffic  of  Subway  of  Interborough  R.  T.  Co. 
E.  E.  R.  Tratman,  m.w.s.e.,  Chicago — 

"Pavement  Guarantees,  Their  Use  and  Abuse."  J.  W.  Howard. 
Pam. 

"Journal,  Railway  Signal  Association."  December,  1908.  Pam. 
Connecticut  Board  of  Railroad   Commissioners — 

"56th  Annual  Report."     Cloth. 

EXCHANGES. 

Canadian  Mining  Institute,  Motreal — 

"Journal  of  Canadian  Mining  Institute,  1908."    Pam. 

University  of  Colorado.     Boulder,  Colo. — 

"Journal  of  Engineering."  1907-08.     Pam. 

Institution  of  Civil  Engineers,  London — 

"Minutes  and  Proceedings,"  Parts  III  &  IV,  1907-08. 

Institution  of  Engineers  and  Shipbuilders  in  Scotland — 

"Transactions,  51st  Session,  1907-08."     Cloth. 

"List  of  Officers  and  Members  as  of  October,  1908."    Pam. 

American  Society  of  Mechanical  Engineers,  New  York — 
"Year  Book,  1909."    Pam. 

Tonindustrie-Zeitung,  Berlin — 

"Tonindustrie  Kalander,  1909."    3  Pams. 

American  Society  for  Testing  Materials,  Philadelphia — 

"Proceedings  of  the  Eleventh  Annual  Meeting,  1908."    Paper. 

University  of  Montana,  Missoula,  Mont. — 

"Bulletin   Nos.   50,  51,  52."     3   Pams. 

Engineering  Association  of  the  South,  Nashville,  Tenn. — 

"Proceedings,  Oct.,  Nov.,  December,  1908."     Pam. 

Washington  University,  St.  Louis — 

"Public  Opinion  and  the  Standard  Oil  Company."    Pam. 

American  Railway  Engineering  and  Maintenance  of  Way  Association — 
"Bulletin  No.  106.  December,  1908."    Pam. 

Liverpool  Engineering  Society,  Liverpool — 

"Transactions,  34th  Session,  1908." 

Institution  of  Mechanical  Engineers,  London — 

"Proceedings,  July,  1908."     Pam. 
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GOVERNMENT  PUBLICATIONS. 
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COAL  BRIQUETTING 
Mr.  Carl  Scholz  of  the  Rock  Island  Coal  Mining  Co. 
Presented  Nov.  iS,  1908. 

The  making  of  fuel  briquets  is  generally  considered  in  connection 
with  either  one  of  the  two  problems, — the  disposition  of  fine  coal 
which  cannot  be  marketed  advantageously,  or  the  production  of  a 
fuel  which  is  superior  to  raw  coal. 

The  surplus  of  fine  coal  in  many  fields  is  one  of  the  great  problems 
encountered,  especially  in  view  of  the  increasing  percentage  of  the 
smaller  sizes.  The  second  subject  is  of  interest  to  engineers  and 
consumers  of  coal  when  high  efficiency,  smokeless  combustion,  and 
storage  qualities  are  essential,  and  where  anthracite,  domestic  coke, 
and  other  high  grade  fuels  can  be  displaced. 

Briquets  have  been  made  in  England,  Germany,  France  and 
Belgium  for  many  years,  and  the  production  now  aggregates  almost 
100,000,000  tons  per  annum,  a  part  of  which  is  exported  to  South 
America  and  Mexico. 

A  number  of  briquet  press  installations  have  been  made  in  the 
United  States  during  the  last  few  years,  but  only  a  small  quantity 
of  briquets  have  been  manufactured,  and  with  some  exceptions  the 
plants  were  short  lived.  The  enormous  increase  in  the  coal  produc- 
tion in  this  country,  together  with  the  low  cost,  and  the  accessibility 
of  thick  veins,  has  scarcely  warranted  coal  operators  in  devoting 
much  time  and  money  to  this  subject,  and  where  plants  have  been 
erected,  it  is  believed  that  the  conditions  were  not  sufficiently  in- 
vestigated. A  number  of  machines  were  manufactured  or  imported 
and  sold  to  coal  companies  on  the  representation  of  results  based  on 
the  experience  of  similar  plants  in  foreign  countries.  It  usually  de- 
veloped, however,  that  in  some  impotant  features  the  results  differed 
largely  from  the  representations  made,  and  in  consequence  of  many 
failures,  briquetting  has  been  considered  an  impracticable  proposi- 
tion in  this  country. 

For  the  purpose  of  comparison,  it  is  well  to  mention  the  difference 
in  the  trade  conditions  prevailing  in  foreign  markets  and  the  United 
States.  The  cost  of  coal  at  foreign  mines  is  much  higher  than  in 
this  country,  (although  wages  paid  to  employees  are  much  lower,) 
the  extraction  being  much  more  difficult.  The  difference  between 
the  selling  price  of  lump  coal  and  the  finer  sizes  in  foreign  countries 
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is  much  greater,  and  the  cost  of  binder  and  wages  of  operatives  are 
much  less  than  in  this  country. 

In  several  of  the  coal  fields  of  the  United  States  much  of  the  fine 
coal  is  converted  into  coke  or  washed,  but  since  not  all  coals  possess 
cooking  qualities  and  washed  coal  can  only  be  used  for  steam  pur- 
poses, the  surplus  of  the  finer  sizes  in  the  non-coking  fields  has 
seriously  impaired  the  revenue  of  operators.  The  percentage  of  fine 
coal  has  increased  in  this  country  by  reason  of  the  adoption  of 
solid  shooting  in  the  mines.  The  development  of  mechanical 
stokers  and  the  increase  in  industrial  plants  in  the  Central  Coal 
Field,  including  Illinois  and  Indiana,  has  lagely  absorbed  the 
increased  production  of  the  fine  coal  in  some  fields,  with  the  result 
that  in  such  sections  there  is  but  a  slight  difference  in  the  selling 
price  of  the  coarser  and  finer  sizes. 


Samples  of  Coal  Briquets. 
A    Renfrow  Carbonets.  C    Mashek  Briquet,  New  York. 

B    New  York  Briquet  Co.  D    Briquet  Coal  Co.,  New  York — 2  sizes. 

E    Johnson  Briquet. 

In  West  Virginia  and  Pennsylvania  large  quantities  of  coke  are 
produced.  In  the  southwestern  states,  however,  where  compara- 
tively few  coal  consuming  industries  exist,  the  price  of  lump  coal 
has  constantly  increased  without  any  change  in  price  of  the  smaller 
sizes.  On  this  account  careful  investigations  have  been  made  with 
the  view  of  disposing  of  the  slack  in  the  most  advantageous  manner. 
Several  coke  plants  are  in  operation  in  that  field,  but  since  the  sur- 
plus of  slack  is  irregular,  the  ovens  have  to  be  cooled  and  re-fired 
according  to  the  trade  demand  for  coke.  The  yield  of  coke  is  low 
and  the  product  must  be  marketed  at  the  smelters  in  Mexico  and 
Arizona.  The  high  sulphur  and  ash  content  of  the  coke  prevent  its 
use  for  iron  manufacturing  purposes. 

The  washing  of  the  fine  coal  offers  a  partial  relief  because  on 
account  of  its  improved  quality  shipment  can  be  made  to  more  dis- 
tant points.     Since  the  demand  of  that  trade  is  largely  for  domestic 
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purposes,  it  soon  became  apparent  that  if  the  fine  coal  could  be  bri- 
quetted  at  a  cost  below  the  selling  price  of  lump  coal,  this  method 
would  offer  the  most  favorable  solution ;  the  plant  could  also  be 
operated  intermittently  without  the  great  loss  that  is  involved  in  the 
cooling  and  re-firing  of  coke  ovens ;  the  investment  for  a  given  out- 
put is  much  less  than  for  coke  ovens.  Briquets  should  be  sold  in 
competition  with  lump  coal  without  depending  upon  such  special 
trade  conditions  as  apply  to  coke,  which  is  governed  by  the  metal 
market  and  the  activity  of  the  smelters. 


Mixing  and  Grinding  Machine.     Charging  Floor,  overhead. 

A  campaign  of  investigation  was  inaugurated  which  lasted  nearly 
two  years,  and  included  all  of  the  machines  in  use  or  built  in  this 
country.  About  that  time  the  briquetting  plant  at  the  World's  Fair, 
in  St.  Louis,  was  erected,  and  much  valuable  assistance  was  rend- 
ered by  the  engineers  in  the  employ  of  the  Geological  Survey.  Bri- 
quets were  made  from  our  coal  on  the  various  machines  and  tested 
under  stationary  boilers  and  locomotives.  It  was  observed  that  no 
one  process  could  be  applied  to  the  various  coals  briquetted,  and 
that  each  particular  coal  required  conditions  which  had  to  be  sepa- 
rately determined.  This  point  is  made  because  manufacturers  have 
frequently  sold  machines  to  lignite  mines,  which  were  especially  de- 
signed for  the  briquetting  of  bituminous  coal,  and  vice  versa. 

The  requirements  as  to  weight  and  shape  of  briquets  vary  with 
almost  every  grade  of  coal,  not  on  account  of  the  chemical  composi- 
tion of  the  coal,  but  more  because  of  its  physical  properties.   Broadly 
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speaking,  it  may  be  said  that  the  lighter  coals  and  lignites  give  best 
results  when  briquetted  in  larger  sizes  of  from  two  to  three  pounds 
in  weight.     Ordinary  bituminous  coal  should  be  briquetted  in  sizes 
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of  io  to  24  oz. ;  high  carbon  or  anthracite  coal  and  coke  dust  give 
better  results  when  briquetted  in  small  sizes,  weighing  from  1^  to 
6  oz.  Th  shape  of  the  briquet  is  important,  in  so  far  as  the  surface 
exposed  considerably  affects  the  rate  of  combustion. 

The  advantages  obtained  by  briquetting  are,  greater  efficiency,  ab- 
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sence  of  clinker  and  cinders,  reduction  of  smoke  on  account  of  more 
perfect  combustion,  cleaner  handling  and  absence  of  dust,  better 
storage,  and  decreased  loss  due  to  degradation.  Briquetting  has  very 
much  the  same  effect  on  combustion  as  is  derived  from  washing  and 
sizing  of  coal,  except  that  the  fine  particles  of  coal  are  held  together 
under  strong  draft,  as  with  locomotives,  and  are  consumed  more 
thoroughly.  This  can  best  be  illustrated  by  partly  burning  a  briquet 
and  cutting  it  in  two  after  quenching,  when  it  will  be  found  that  coal 
of  lesser  coking  tendencies  will  coke  fairly  well  when  briquetted. 
This  is  due  partly  to  the  addition  of  the  binder,  but  mainly  to  the 
fact  that  the  process  of  combustion  can  advance  only  at  a  given  rate, 
being  retarded  by  the  compactness  of  the  briquet.  Where  raw  coal 
is  fired,  the  coal,  upon  heating,  cracks  along  the  cleavages  and  lam- 
inations, resulting  in  an  escape  of  gases  which  cannot  obtain  the 
proper  admixture  of  oxygen,  and,  which,  therefore,  leave  the  fire- 
box unconsumed,  and  as  smoke.  The  larger  the  lumps  the  more 
aggravated  is  this  condition.  Actual  tests  on  locomotives  indicate 
that  briquetted  slack,  carrying  12%  of  ash,  evaporated  14%  more 
water  than  lump  coal  from  the  same  mine  carrying  7J/>%  of  ash. 

The  selection  of  machinery  is  an  important  item  and  depends 
greatly  upon  the  character  of  coal  to  be  briquetted.  There  are  two 
general  types ;  the  rotary  press,  where  the  coal  is  compressed  into 
molds  of  two  rolls  held  together  by  strong  springs,  and  the  plunger 
type,  where  the  coal  is  compressed  in  a  die  by  opposing  plungers. 
For  obvious  reasons  the  roller  type  produces  smaller  briquets,  and 
the  plunger  machines  the  larger  sizes.  Inasmuch  as  in  most 
cases  the  coal  mixture  is  heated  in  the  briquetting  process,  the  larger 
briquets  require  a  longer  time  for  cooling,  and  must,  therefore,  be 
handled  with  more  care,  preferably  by  hand,  in  sizes  of  two  pounds 
and  upward,  before  loading  or  storing.  Due  cognizance  should  be 
taken  of  this  feature,  considering  the  high  cost  of  labor  prevailing 
in  this  country,  and  preference  is  given  to  such  machines  as  require 
the  least  handling  by  labor. 

The  largest  item  of  expense  in  briquetting  in  this  country  at  pres- 
ent is  the  cost  of  binder.  The  most  available  product,  as  established 
by  our  experiments,  is  pitch  from  coal  or  water  gas  tar.  The  per- 
centages of  pitch  vary  with  its  hardness  and  the  different  coals.  In 
our  case  about  8%  is  required  for  satisfactory  results.  This  pitch 
has  a  melting  point  of  90  deg.  C. 

The  determination  as  to  the  location  of  a  briquetting  plant  is  of 
importance,  and  should  include  a  careful  consideration  of  freight 
rates  on  coal,  binder,  and  the  manufactured  product,  as  well  as  the 
markets  to  be  served.  From  these  statements  it  may  be  said  that  a 
briquet  installation  requires  a  combined  knowledge  of  trade  and 
mechanical  conditions,  and  should  only  be  entered  into  after  an  ex- 
haustive study  of  the  subject.  The  education  of  the  trade  which 
is  to  consume  briquets,  is  an  important  factor,  and  should  be  antici- 
pated by  the  producer. 
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In  view  of  the  conditions  prevailing  in  the  Oklahoma  coal  field, 
after  careful  consideration  our  company  authorized  the  erection  of  a 
plant,  at  Hartshorne,  Oklahoma,  and  we  point  with  some  pride  to 
the  fact  that  this  plant  has  been  operating  successfully  for  the  last 
ninety  days,  producing  briquets  on  a  commercial  basis.  A  descrip- 
tion of  this  plant  may  be  of  interest: 

The  plant  is  situated  on  the  site  of  an  old  mine  yard,  and  is  in 
close  proximity  to  three  mines.  The  coal,  which  is  delivered  at  the 
briquet  plant  in  drop  bottom  cars,  is  of  pea  and  slack  size,  screened 


Smokeless  Combustion  with  Carbonets. 

through  one  inch  perforations.  As  soon  as  the  cars  are  loaded  at 
the  mines,  they  are  covered  with  water-proof  tarpaulins  to  exclude 
the  rain ;  the  concrete-lined  unloading-pit  is  also  covered  by  a  shed 
to  keep  the  coal  dry.  A  bucket  elevator,  of  50  tons  capacity  per 
hour,  carries  the  coal  to  the  top  of  a  steel  storage  bin,  where  a  rotary 
screen  separates  the  pea  coal,  which  is  then  reloaded  for  shipment  on 
the  opposite  side.  The  storage  bin  has  a  capacity  of  150  tons,  or 
about  20  hours  supply.  A  drag  conveyor,  50  ft.  centers,  carries  the 
coal  from  the  storage  bin  at  the  required  rate  to  the  press  building. 
The  intervening  space  between  this  building  and  the  bin  is  used 

Vol.  XIV.    No.  2 


Scholz — Coal  Briquetting 


143 


for  the  storage  of  pitch  and  has  a  concrete  floor.  The  pitch 
is  cracked  in  a  small  mill  and  elevated  into  a  feed  box,  located 
immediately  in  front  of  the  drag  conveyor  discharge.  The  coal 
and  pitch  are  measured  by  trough  conveyors,  passing  under  the 
two  respective  bins,  and  traveling  at  the  required  speed  to  carry  93% 
of  coal  and  7%  of  pitch.  This  is  then  delivered  to  a  Jeffrey  disin- 
tegrator to  thoroughly  mix  it ;  after  which  it  is  elevated  to  the  top 
of  the  press  and  emptied  into  the  heaters.  These  heaters  are  vertical 
cylinders  having  revolving  agitators.     The  heating  is  accomplished 


Smoking  Locomotive — Bituminous  Coal. 

by  the  admission  of  superheated  steam  which  comes  in  direct  contact 
with  the  coal.  Since  this  steam  contains  some  moisture,  it  is  essential 
to  have  the  slack  as  dry  as  possible  in  order  to  reduce  the  quantity 
of  binder,  it  having  been  found  that  wet  coal  requires  a  greater  per- 
centage of  binder  than  dry  coal.  It  may  be  said  here  that  washed 
coal  does  not  briquet  as  well  as  raw  coal,  due  possibly  to  the  very 
fine  film  of  water  which  envelops  each  particle  of  coal,  thus  making 
the  mass  less  cohesive.  From  the  heaters  the  coal  drops  directly  into 
the  die-filler,  and  at  each  revolution  of  the  roller  press,  the  two  sets 
of  twelve   dies  each,  are   loaded   and  the  charge  compressed   and 
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ejected  alternately.  The  briquets,  which  weigh  about  13  oz.,  are 
fairly  warm  when  they  leave  the  press,  and  are  carried  on  a  belt 
conveyor,  serving  as  a  cooling  table  for  about  three  minutes  before 
reaching  the  cars,  where  they  are  at  once  loaded  for  shipment. 
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The  power  for  this  plant  is  furnished  by  a  100  H.  P.  boiler,  which 
drives  a  13  by  14  in.  automatic  Ball  engine,  and  furnishes  the  steam 
for  the  superheater. 
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Care  is  taken  to  prevent  iron  or  other  hard  substances  from  getting 
into  the  mill  and  press,  and  a  magnet  is  installed  for  this  purpose. 

This  plant  was  designed  for  two  presses,  although  at  this  time 
only  one  "Renfrow"  machine  is  installed,  having  a  capacity  of  nearly 
ten  tons  per  hour. 

The  briquets  (known  by  the  trade  name  of  "carbonets"),  are  sold 
throughout  Oklahoma,  Kansas,  Texas  and  Arkansas,  principally  for 
domestic  purposes  and  are  generally  liked  by  that  trade.  They  are 
clean  to  handle,  and  make  very  little  clinker.  While  the  flame  is  not 
as  long  as  from  lump  coal,  the  briquets  make  a  good  grate  fuel  and 
hold  fire  for  many  hours.  It  is  anticipated  that  they  will  be  adopted 
for  steam  purposes  in  thrashing  and  other  portable  engines  where 
the  grate  area  is  comparatively  small 


Carbonets  by  the  Carload. 

If  the  cost  of  binder  can  be  reduced,  it  is  likely  that  briquets  will 
be  used  for  locomotive  and  steam  purposes,  although  the  high  cost 
at  this  time  is  prohibitive.  There  is  a  large  field  for  engineers  in  the 
development  of  binders  for  briquetting.  There  are  many  secret 
binders  now  offered  which,  however,  should  be  closely  investigated 
in  order  to  prove  the  claims  of  the  inventors. 

The  press  which  we  use  is  manufactured  by  the  Renfrow  Briquet 
Machine  Company,  of  St.  Louis,  Mo.  The  other  parts  of  the  plant 
were  assembled  from  different  manufacturers,  and  are  not  patented. 

A  laboratory  is  operated  in  connection  with  this  plant,  and  the 
boiler  is  equipped  with  apparatus  to  enable  the  determination  of  the 
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fuel  values.  The  laboratory  experiments  include  an  examination 
of  each  car  of  binder  purchased  and  tests  of  briquets  in  order  to 
keep  the  binder  down  to  the  minimum.  Each  per  cent  of  binder 
means  a  cost  of  15  cts.  per  ton  of  briquets;  therefore,  it  is  essential 
to  prevent  any  waste.  Experiments  are  also  made  to  determine  the 
degradation  of  briquets  when  exposed  to  the  weather  and  the  absorp- 
tion of  moisture.  It  is  safe  to  say  now  that  pitch  briquets  can  be 
stored  without  any  appreciable  loss  for  two  years.  This  is  regarded 
as  a  point  of  much  importance,  since  fuel  can  be  held  in  reserve 
without  having  to  be  reloaded,  as  is  the  case  with  coal,  to  prevent 
loss  by  degradation. 

In  Westphalia  and  Bohemia  lignites  are  briquetted  with  but  a 
small  addition  of  binder,  or  in  some  cases  without  any,  by  the  use 
of  very  high  pressure.  This  lignite  contains  about  50%  of  moisture 
when  mined,  and  is  dried  to  about  10%,  and  then  compressed  under 
150  atmospheres. 

Some  tests  were  made  on  these  machines  with  Texas  lignites,  and 
briquets  of  superior  appearance  were  produced ;  the  fuel  value,  how- 
ever, has  not  been  established.  Similar  attempts  have  been  made  in 
the  briquetting  of  peat,  but  so  far  as  is  now  known  they  have  not 
been  a  commercial  success. 

Discussion. 

Mr.  Warren  R.  Roberts,  m.w.s.e.  :  Have  you  made  any  ex- 
periments along  the  line  of  breakage,  in  shipping  the  briquets? 

Mr.  Schoiz:  The  breakage  has  been  determined  by  following 
up  four  or  five  cars,  and  the  reports  we  have  indicate  that  about  one 
briquet  in  every  two-hundred  was  broken — less  than  y2  of  1  per  cent. 

The  particular  point  to  be  observed  in  briquetting  is  the  equal  dis- 
tribution of  the  binder  with  the  coal,  and  the  largest  cause  for  failure 
lies  in  that  one  point.  The  measuring  of  pitch  is  exceedingly  diffi- 
cult. Seven  pounds  of  pitch  mixed  with  ninety-three  pounds  of 
coal  is  a  very  wide  range  of  ratios,  and  the  tendency  of  the  machine 
operators  is  to  make  briquets  irrespective  of  cost ;  therefore,  in  order 
to  protect  themselves  they  are  very  apt  to  put  in  more  pitch,  little 
realizing  that  2  per  cent,  more  of  pitch  than  the  required  amount 
may  mark  the  line  of  loss  and  profit.  As  2  per  cent,  of  pitch  wasted 
would  mean  30  cts.  loss ;  this,  would  be  a  big  profit  on  Illinois  coal, 
therefore  the  main  proposition  is  in  keeping  down  the  pitch  propor- 
tion, and  I  am  investigating  one  or  two  methods  whereby  we  can  get 
a  better  distribution  of  the  two  materials. 

Mr.  Roberts :    How  do  you  get  the  percentage  now  ? 

Mr.  Schols:  The  coal  is  received  in  the  dry  conveyor  from  the 
storage  bin  and  discharge  into  a  little  feed  hopper.  Under  this  feed 
hopper  passes  a  trough  conveyor  which  has  a  gate  and  which  takes 
out  the  coal  and  loads  to  a  certain  height.  Immediately  in  front  is 
another  conveyor  carrying  the  ground  pitch.  These  two  conveyors 
are  geared  together  so  that  every  93  pounds  of  coal  carries  with  it 
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the  7  pounds  of  pitch.  The  material  drops  into  a  boot,  is  elevated  to 
the  top  of  the  press  and  passes  into  the  heaters. 

Mr.  Roberts:  Do  you  have  any  trouble  with  your  conveyors 
clogging  after  you  put  in  the  pitch? 

Mr.  Scholz:  No,  very  little.  Pitch  will  clog  only  when  handled 
by  itself.    The  admixture  of  2  per  cent,  of  coal  will  prevent  sticking. 

Mr.  Roberts :    In  what  form  do  you  receive  the  pitch  ? 

Mr.  Scholz:  The  climatic  conditions  in  Oklahoma  are  very  try- 
ing, and  not  having  had  any  experience  in  handling  pitch  we  started 
out  in  August  by  receiving  it  in  barrels.  The  barrels  represent  10 
per  cent,  of  the  weight,  so  we  were  not  only  paying  more  for  the 
pitch  but  more  freight  as  well.  We  began  to  investigate  bulk  ship- 
ping and  find  that  it  can  be  done  easily  in  summer  or  winter.  We 
expect  to  ship  it  in  open  coal  cars.  The  pitch  is  run  into  moulds 
holding  about  200  pounds  each. 

Mr.  Roberts:    Does  the  pitch  run  again  after  it  is  unloaded? 

Mr.  Scholz :    No,  not  to  any  appreciable  extent. 

A  Visitor:     Has  the  temperature  any  influence  on  the  briquet? 

Mr.  Scholz:  The  temperature  of  the  briquet  by  the  time  it 
reaches  the  car  is  60  to  65  deg.  Fahr.  so  it  is  fairly  cool.  When  it 
leaves  the  press  the  temperature  is  from  90  to  95  deg.  Fahr.  After 
the  briquet  has  been  made  for  a  day,  it  will  stand  any  reasonable 
drop  without  breaking,  but  when  it  first  comes  from  the  press  it  has 
to  be  handled  carefully.  It  is  essential  to  have  the  briquet  as  cold  as 
possible  as  it  leaves  the  press. 

A  Visitor :    The  outside  temperature  is  what  I  refer  to. 

Mr.  Scholz :    That  has  not  yet  been  determined. 

Mr.  H.  B.  McFarland,  m.w.s.e.  :  What  steam  pressure  do  you 
use  and  what  degree  of  superheat  is  best  for  heating  the  mixture  ? 

Mr.  Scholz:  The  boiler  carries  125  pounds  of  steam,  which  we 
superheat  to  about  400  degrees.  The  superheater  is  a  "home-made" 
affair  and  I  am  trying  to  get  a  better  one. 

Mr.  McFarland :    What  type  of  superheater  do  you  use  ? 

Mr.  Scholz:  The  superheater  is  simply  a  mass  of  coils  located 
in  a  furnace.  These  coils  end  in  a  pipe  connected  with  the  vertical 
heaters  into  which  the  coal  is  dumped. 

Mr.  Geo.  M.  Mayer:  How  close  do  you  come  to  your  percentages 
of  mixtures? 

Mr.  Scholz:  We  find  that  7  per  cent,  is  the  requirement  for  our 
particular  coal.  We  tried  to  make  it  5  per  cent.,  but  the  briquets 
would  not  stand  it. 

Mr.  Mayer:  How  close  can  you  regulate  the  discharge  of  the 
coal  and  binder?  Will  the  discharge  of  the  materials  always  be  just 
seven  per  cent.  ? 

Mr.  Scholz:  We  have  tested  about  100  briquets  out  of  every 
car,  and  the  variations  do  not  exceed  1  per  cent,  one  way  or  the 
other.  If  the  coal  is  wet,  the  operator  is  very  likely  to  put  in  more 
pitch,  but  our  Chemist  and  Briquetting  Engineer  look  after  this  mat- 
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ter  and  keep  the  amount  of  pitch  down.  An  effort  is  made  to  have 
the  coal  come  to  the  press  as  dry  as  possible.  The  admission  of  live 
steam  creates  more  or  less  moisture  and  in  compressing  the  charge 
there  is  more  or  less  water  pressed  out  of  the  coal. 

Mr.  Mayer:     Do  you  have  to  keep  a  man  at  the  mixer? 

Mr.  Scholz:  No,  one  man  feeds  the  pitch.  He  breaks  and 
throws  it  into  the  mill,  looking  after  the  valve  occasionally.  Partic- 
ular care  is  taken  to  see  that  the  feed  is  always  working  in  good 
order. 

It  is  a  very  simple  proposition,  and  as  far  as  I  know  it  is  the  most 
effective,  although  I  still  hope  to  improve  it  and  am  now  investigat- 
ing a  measuring  device  made  in  Chicago,  in  order  to  get  a  device  to 
feed  the  pitch  in  a  constant  stream. 

Mr.  Mayer :     Could  you  use  automatic  weighing  scales  ? 

Mr.  Scholz:  Several  devices  have  been  tried  where  platforms 
were  built  with  collapsible  doors  and  pitch  was  spread  on  them,  but 
they  required  so  much  hand  labor  that  we  did  not  regard  them  as 
feasible. 

Mr.  Roberts :  You  showed  that  in  three  different  mines  the  per- 
centage of  ash  varied'  greatly  in  the  course  of  a  day.  Do  you  find 
it  necessary  to  vary  the  percentage  of  binder? 

Mr.  Scholz:  The  percentage  of  ash  seems  to  have  no  bearing 
on  the  material.  We  made  some  experiments  on  washed  coal,  but 
found  that,  although  thoroughly  dry,  it  required  the  largest  per- 
centage of  pitch  before  we  got  the  same  degree  of  hardness.  It  may 
be  said,  however,  that  it  makes  a  better  briquet. 

Mr.  Roberts :  The  objection  is  raised  that  by  using  a  pitch  binder 
the  briquets  will  disintegrate  under  heat.  Have  you  found  the  same 
trouble  ? 

Mr.  Scholz:  We  find  no  failure  on  account  of  melting  or  crack- 
ing. Briquets  seem  to  coke  even  though  the  raw  coal  has  no  coking 
qualities.  Coke  or  anthracite  coal  briquets  even  indicated  more  or 
less  coking  tendencies. 

Mr.  Abbott  (Chairman)  :  The  first  briquetting  enterprise  I  ever 
heard  of  was  established  in  the  neighborhood  where  I  lived  when 
a  boy. 

A  man  named  Silas  Dodge  and  called  "Peat  Dodge"  owned  a 
tract  of  bottom  land  near  Albany,  Whiteside  County,  Illinois,  and  as 
it  had  an  area  of  two  square  miles,  all  underlaid  with  a  bed  of  peat 
thirty  feet  in  depth,  he  readily  calculated  that  he  owned  millions  of 
tons  of  peat,  which  at  an  assumed  value  of,  say,  two  dollars  a  ton 
would  make  him  fabulously  wealthy.  Dodge  built  an  experimental 
briquetting  plant  on  a  scow,  which  he  floated  in  the  ditch  cut  by  a 
machine  like  the  modern  ditching  machine,  and  with  this  apparatus 
he  briquetted  peat  more  than  forty  years  ago.  But  in  spite  of  the 
alluring  figures  which  he  was  able  to  make,  he  never  succeeded  in 
interesting  capital  in  his  enterprise,  and  after  a  long  struggle  was 
finally  overwhelmed  with  debt  and  lost  his  property,  when  as  he  be- 
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lieved,  fortune  was  almost  within  his  grasp.  Dodge  long  ago  passed 
out  of  this  world,  but  his  peat  still  remains  in  the  cattail  bottoms, 
awaiting  the  next  briquetting  exploiter  to  come  and  develop  its  great 
wealth. 

Another  briquetting  enterprise  came  to  my  notice  a  year  or  two 
ago.  I  thought  at  first  it  was  quite  as  alluring  as  the  one  just  de- 
scribed. The  proposition  was  to  mix  a  small  proportion  of  coking 
coal  with  anthracite  dust  and  press  it  into  a  briquet,  a  small  amount 
of  binder  being  used.  The  theory  was  that  when  the  briquet  burned, 
the  small  amount  of  coking  coal  which  it  contained  would  fuse 
throughout  the  mass  and  cement  it  together  firmly.  It  was  repre- 
sented that  down  in  Pennsylvania  there  are  millions  of  tons  of  an- 
thracite screenings  which  can  be  had  for  a  few  cents  a  ton,  and  which 
can  be  briquetted  for  a  few  more  cents  a  ton  and  sold  for  $8.00  a 
ton  ;  profit,  $7.50  a  ton  ! 

That  scheme  was  a  good  one,  but,  like  the  one  previously  men- 
tioned, it  did  not  work  out.  I  simply  mention  these  schemes  to  show 
you  the  possibilities  in  the  briquetting  business.  I  regret  that,  on 
account  of  being  so  busy,  I  cannot  take  up  this  work  myself. 

There  are  some  gentlemen  here  who  have  been  making  small 
profits  in  coal,  and  I  should  like  to  hear  them  discuss  the  possibilities 
of  the  briquetting  business  in'  connection  with  the  coal  business. 

Mr.  A.  Bement,  m.w.s.e.  :  The  most  important  remarks  that  I 
can  probably  make  concerning  the  briquetting  business,  are  in  rela- 
tion to  unsuccessful  ventures  therein  and  the  reasons  therefor. 

Within  the  past  two  or  three  years  nearly  every  man  or  set  of  men 
who  had  a  briquetting  scheme  to  exploit,  called  upon  me.  Without 
an  exception  none  of  these  people  were  familiar  with  the  coal  busi- 
ness, trade  conditions,  or  character  and  composition  of  the  fuel  with 
which  they  hoped  to  deal ;  in  fact,  they  were  altogether  ignorant  of 
the  many  important  details  which  make  briquetting  a  strictly  scien- 
tific business,  and  the  remarkable  feature  was,  that  none  of  these 
promoters  were  seeking  information  or  engineering  advice.  Some  of 
them  had  gone  so  far  as  to  obtain  or  develop  a  press  or  a  binder, 
and  were  looking  for  money  to  either  put  the  press  in  motion  or  try 
the  binder.  Just  what  the  result  will  be  in  the  case  of  this  particular 
lot  of  promoters  it  is  too  early  to  predict,  but  viewed  in  the  light  of 
the  experience  of  others  who  went  before  them,  it  is  possible  that  they 
will  cease  their  efforts  at  briquetting  when  they  have  exhausted  all 
the  money  that  they  can  procure  for  the  purpose.  It  is  amazing  to 
contemplate  how  people,  absolutely  ignorant  of  the  many  compli- 
cated problems  involved,  will  rush  into  the  briquetting  business  with 
such  confidence  as  to  the  outcome.  For  example,  a  man  recently 
came  to  me  with  a  very  good  briquetting  machine.  He  knew  a  great 
deal  about  the  business  along  certain  lines,  but  was  entirely  un- 
familiar with  the  coal  business  and  the  matter  of  burning  coal.  He 
proposed  to  buy  high  grade  nut  coal,  grind  it  and  re-form  it  into 
corresponding  sized  briquettes,  at  a  cost  of  80  cts.  per  ton.     Thus, 
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for  illustration,  a  customer  would,  on  the  one  hand,  be  offered  fuel 
which  had  been  briquetted  by  nature  for,  say,  in  the  case  of  washed 
coal,  $2.60  per  ton  f.  o.  b.  Chicago,  and  on  the  other  hand,  briquettes 
artificially  made  out  of  the  same  coal  at  an  added  cost  of  80  cts.  per 
ton,  or  in  other  words  $3.40  per  ton,  excluding  any  profit  .to  the 
manufacturer.  This  man  labored  under  the  delusion  that  there  was 
some  peculiar  and  undefinable  quality  added  to  the  fuel  which  gave  it 
an  increased  value  during  the  process  of  briquetting.  For  illustra- 
tion, it  was  desired  in  a  certain  case  to  ascertain  the  heating  power 
of  a  new  briquetted  fuel.  A  calorimetric  determination  was  made, 
which  showed  that  it  was  equal,  so  far  as  combustible  matter  was 
concerned,  to  a  pound  of  good  bituminous  coal,  but  the  maker  of 
this  briquet  was  greatly  astonished  at  the  result,  believing  that  it 
should  have  a  very  much  higher  heating  power,  and  it  was  necessary 
to  explain  that  the  heat  producing  elements  in  the  fuel  consisted 
of  carbon  and  hydrogen,  and  that  it  would  be  impossible  to  use  any 
heat  producing  material  which  would  give  higher  results. 

The  most  remarkable  feature  of  the  matter  thus  far,  is  the  absolute 
lack  of  familiarity  with,  trade  conditions,  on  the  part  of  the  people 
attempting  to  get  into  this  business.  It  is  not  my  purpose  to  dis- 
courage the  consideration  of  briquetting  propositions,  but  on  the 
contrary  to  call  attention  to  the  fact  that  these  efforts  have  proven 
failures,  and  why  the  general  briquetting  scheme  has  acquired  so 
much  discredit  among  practical  people. 

The  United  States  Geological  Survey  in  a  report  on  briquetting, 
calls  attention  to  six  or  seven  plants  which  are  in  operation,  among 
which,  I  suppose,  Mr.  Scholz'  equipment  is  mentioned.  If  so,  I 
would  venture  the  opinion  that  his  is  the  only  plant  among  the  num- 
ber working  successfully.  In  this  case,  Mr.  Scholz  studied  the  prob- 
lem from  every  standpoint,  and  there  were  several  things  to  take 
into  consideration  aside  from  those  of  a  strictly  technical  character. 
Two  or  three  commercial  phases  of  the  coal  business  were  involved, 
all  of  which  had  attention.  Every  feature  and  detail  of  the  matter 
was  thought  out  and  followed  to  a  logical  conclusion,  with  the  result 
that  Mr.  Scholz  has  probably  the  only  successful  briquet  making 
plant   in   this   country. 

In  conclusion,  the  most  useful  item  I  could  offer  in  the  way  of 
discussion  to  this  interesting  paper,  is  to  suggest  to  would-be  pro- 
moters and  inventors,  that  if  not  qualified  themselves,  they  employ 
a  competent  person  to  diagnose  their  prospects  in  detail,  before  they 
proceed  to  spend  any  of  their  own  or  their  friends'  money. 

Mr.  Roberts :  Mr.  Bement's  remarks  bring  out  very  pointedly 
one  more  question,  and  that  is, — does  not  the  briquet,  from  its  very 
nature,  without  regard  to  its  size  and  shape,  produce  a  greater 
amount  of  heat  from  the  same  amount  of  coal  than  tgg  coal  of  the 
same  size  in  the  natural  state — due  to  the  fact  that  the  briquet  does 
not  laminate  and  easily  disintegrate  in  the  fire  as  a  piece  of  egg  coal 
would  ? 
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Mr.  Scholz:     Yes,  that  is  true. 

Mr.  Roberts:     Is  that  an  established  fact? 

Mr.  Scholz :  A  briquet  of  the  same  size  as  a  lump  of  coal,  made 
from  the  same  coal,  will  evaporate  more  water  than  egg  coal,  due 
to  the  fact  that  it  is  made  up  of  small  particles,  while  egg  coal  will 
crack  and  a  lot  of  the  gases  will  be  lost. 

Mr.  J.  D.  Bering'.  I  do  not  know  that  I  can  discuss  this  subject 
at  all,  but  I  am  associated  with  Mr.  Scholz,  in  a  small  way,  and  he 
has  told  me  a  good  many  things  about  briquets.  I  was  not  sure  that 
he  had  told  me  all  he  knew  and  so  decided  to  come  here  this  eve- 
ning, thinking  I  might  learn  something  more. 

The  coal  men  are  all  trying  to  do  something  with  this  fine  coal. 
They  all  have  in  mind  the  idea,  of  a  perfect  briquetting  plant  and 
hope  they  will  find  one  some  day,  and  one  that  will  make  marketable 
briquets.  I  can  appreciate  what  Mr.  Bement  means  when  he  says 
that  the  average  man  exploiting  a  briquet  enterprise,  does  not  know 
the  trade  conditions,  but  I  cannot  quite  understand  his  remarks,  in 
view  of  publications  I  have  seen,  bearing  his  signature,  showing  the 
value  of  our  Illinois  slack  coal  as  a  steam  producing  proposition  as 
against  those  of  the  eastern  coals,  which  indicate  that  if  we  can  bri- 
quet our  slack  coal  and  put  it  on  the  market  in  shape  so  that  it  can  be 
handled  without  smoke  and  without  distaste  to  the  average  fireman, 
it  is  one  of  our  great  sources  of  fuel ;  that  we  would  have  an  article 
that,  would  command  a  much  higher  price  than  the  raw  article.  As 
I  remember  the  figures,  Illinois  slack  at  $1.45  figured  85c  per  ton 
better  than  Jackson  Hill,  Ohio.  If  we  can  add  that  85c  to  $1.45,  we 
are  getting  somewhere  near  the  price  at  which  a  briquet  can  be  made. 
To  the  coal  men  the  subject  of  briquetting  is  an  interesting  one. 

Mr.  Allen,  m.w.s.e.  :  I  have  listened  to  Mr.  Scholz's  paper  with 
great  interest.  I  might  say  that  we  are  well  acquainted  with  and 
have  gone  over  the  matter  many  times.  I  wish  to  state  that  the  prime 
reason  for  his  success  is  that  he  has  gone  into  the  matter  carefully, 
step  by  step,  making  all  necessary  tests,  and  consequently  if  there  was 
a  successful  result  to  obtain,  he  obtained  it.  He  went  into  the  matter 
like  an  engineer  should  go  into  it,  and  I  congratulate  him  on  his 
great  success. 

Mr.  R.  H.  Kuss,  m.w.s.e.  :  Many  things  recommend  the  bri- 
quetting of  bituminous  coal  when  intelligently  undertaken,  and  it  is 
probably  a  fact  that  the  average  person  is  wholly  unfamiliar  with  the 
subject.  What  information  I  possess  was  gained  by  a  cursory  ob- 
servation of  their  manufacture  in  St.  Louis,  at  the  U.  S.  Geol.  Surv. 
Fuel  Testing  Plant,  where  two  types  of  machines  were  in  operation ; 
also  by  using  the  product  as  a  domestic  fuel,  applying  it  to  a  hand- 
fired  boiler,  and  observing  results  in  locomotive  fire  boxes  on  several 
of  the  runs  out  of  and  around  Chicago. 

Briquetted  fuel  is  manufactured  for  the  purpose  of  creating  from 
a  high  volatile  coal,  either  a  form  of  fuel  easily  transported  or  one 
that  lends  itself  to  a  slow  rate  of  combustion.    The  former  is  strictly 
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a  commercial  problem,  and  the  latter  a  combustion  problem.  Bri- 
quetting is  resorted  to  when  the  character  of  a  portion  of  the  mine's 
output  (the  slack)  is  such  as  to  make  it  unprofitable  to  attempt  its 
distribution  in  competition  with  the  better  grades  produced.  A  prod- 
uct having  the  quality  of  a  slow  rate  of  combustion  becomes  im- 
portant to  the  exclusion  of  the  commercial  feature  when  the  basic 
fuel  is  capable  of  use  as  mined. 

By  far,  the  more  interesting  portion  of  the  subject  concerns  itself 
with  briquets  as  having  an  influence  on  combustion,  although,  from 
the  attitude  of  the  speaker,  it  is  easy  to  see  that  many  complicated 
questions  surround  the  commercial  aspects. 

Briquets,  when  made  in  as  dense  a  form  as  exhibited  here  this 
evening,  possess  a  slow  rate  of  volatile  distillation,  owing  to  the  fact 
that  coal  is  a  poor  transmitter  of  heat  by  conduction,  however  readily 
it  may  respond  by  the  generation  of  heat  when  subjected  to  high 
temperatures  in  the  presence  of  oxygen  to  carry  on  the  combus- 
tion process.  It  has  come  to  my  notice  many  times  that  bri- 
quets (especially  the  large  Renfrow  form),  after  being  subjected 
to  high  temperatures  of  fire  boxes  when  cooled  and  broken  open, 
show  a  distinct  gradation  from  the  original  briquet  fuel  in  the  interior 
to  the  last  stage  of  fixed  carbon  on  the  outside.  I  have  sometimes 
wondered  why  briquets  do  not  disintegrate  in  the  fire,  taking  into 
consideration  the  mechanical  pressure  exerted  in  their  manufacture, 
and  have  concluded  that  the  use  of  a  high  steam  temperature  during 
manufacture  serves  the  purpose  not  only  of  obtaining  a  homogeneous 
and  plastic  mass  but  also  vaporizes  the  hygroscopic  moisture  of  the 
coal  itself.  This,  passing  off  at  the  time  of  and  immediately  follow- 
ing the  compression  of  the  mixture,  is  not  readily  reabsorbed,  owing 
to  the  mechanical  structure  of  the  finished  product.  Consequently, 
in  the  combustion  process  there  is  little  moisture  to  evaporate,  and 
the  briquet  is  not  subjected  to  stresses  due  to  evaporated  moisture, 
which  tend  to  break  the  briquet  apart.  This  condition  is  not  met 
with  in  the  use  of  lumps  of  bituminous  coal,  which  crack  and  split 
because  of  the  internal  pressure  exerted  by  the  evaporating  moisture. 
By  reason  of  the  fact  that  the  briquets  do  not  disintegrate,  the  vola- 
tile distillation  of  the  fuel  is  extended  over  a  much  greater  period 
of  time. 

By  the  delayed  distillation  of  the  fuel  we  are  able  to  accomplish 
much  with  briquets  in  the  way  of  smoke  prevention.  This  is  readily 
understood  when  we  remember  that  the  sole  reason  why  smoke  is 
ever  created  is  because  flames,  indicating  only  a  partial  step  in  the 
combustion  process,  if  allowed  to  come  in  contact  with  relatively  cool 
surfaces,  even  though  other  conditions  of  air  and  adequate  mixture 
exist,  are  prevented  from  continuing  the  combustion  process,  and 
soot  is  the  result.  The  smoke  prevention  process  becomes  more 
difficult  as  the  flames  become  greater  in  volume,  since  the  limits  of 
our  furnaces,  even  when  of  a  type  considered  good,  are  usually  not 
adequate  to  accommodate  a  high  rate  of  gas  distillation.     This  con- 
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dition  is  met  with  in  all  hand-fired  furnaces  for  a  short  period  im- 
mediately following  replenishing  the  fuel-bed.  Any  means  that 
tends  to  reduce  the  quantity  of  partially  burned  gas  delivered  within 
a  definite  period,  considering  a  fixed  combustion,  accomplishes  just 
that  much  toward  reducing  flame  volumes  and  overcoming  smoke.  A 
uniform  gas  distillation  is  naturally  the  best  method  for  obtaining 
combustion  within  the  available  combustion  space,  and  briquets 
materially  aid  in  securing  this  condition. 

Unfortunately,  the  virtue  of  slow  gas  distillation  is  not  entirely 
satisfactory  where  a  manufacturing  establishment  desires  to  generate 
power  from  the  units  and  at  the  rate  usually  employed.  In  such 
cases  the  briquet  is  excluded  unless  extra  draft  facilities  are  pro- 
vided, a  matter  perfectly  feasible  in  attainment. 

In  those  places  where  it  is  desirable  to  have  a  clean  fuel,  both  at 
the  firing  and  chimney  ends,  and  to  deliver  a  low,  steady,  heat-gen- 
erating duty,  as  in  domestic  furnaces,  fire-place  grates,  stoves,  apart- 
ment house  boilers,  office  building  and  other  heating  plants,  the 
briquet  offers  a  solution  to  the  problem.  In  fact,  briquetted  fuel 
seems  to  offer  the  only  permanent  solution  of  the  smoke  problem  in 
the  cases  cited,  so  long  as  our  heating  equipment  remains  in  its  pres- 
ent generally  accepted  form.  The  truth  of  this  statement  is  manifest 
only  to  those  who  have  used  the  form  of  fuel  under  discussion  to- 
night. 

Ash  without  clinker  and  generally  free  from  combustible  matter, 
a  fuel-bed  better  left  alone  and  not  poked,  something  requiring  infre- 
quent attention,  none  of  the  troubles  incident  to  furnace  and  chimney 
cleanings,  all  combine  to  cause  us  to  regard  the  briquet  as  a  rational 
way  to  use  the  products  of  our  own  mines.  This  would  encourage 
us  into  the  belief  that  eventually  we  may  lose  our  dependence  upon 
anthracite  and  the  semi-bituminous  coals  of  the  Eastern  fields. 

Mr.  C.  W.  Naylor,  m.w.s.e.  :  It  is  said  that  coal  briquets  are 
made  from  slack.  I  suppose  they  get  that  slack  from  Pennsylvania, 
because  we  are  told  the  slack  in  Illinois  has  been  exhausted.  I  do 
not  think  enough  stress  has  been  laid  on  the  importance  of  those  bri- 
quets to  steam  engineers.  I  believe,  as  has  been  intimated  by  Mr. 
Bement  and  Mr.  Kuss.  that  there  will  be  a  decided  market  for  bri- 
quets, even  at  a  cost  in  advance  of  the  natural  coal.  As  Mr.  Kuss 
says,  this  will  be  a  solution  of  the  smoke  problem,  even  though  the 
briquets  will  require  more  care,  and  I  believe  there  is  a  market  for  a 
good  coal  briquet  if  put  on  the  market  for  anywhere  near  the  price 
of  lump  coal. 

Closure. 

Mr.  Scholz-.  I  think  I  covered  all  the  essential  points,  in  my 
paper. 

In  regard  to  the  storing  qualities  of  briquets, — to  large  steam  con- 
sumers and  especially  to  railways,  this  is  an  important  factor.  Bitu- 
minous coal  has  to  be  loaded  up  every  year  to  prevent  too  great  a 
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loss  by  degradation.  The  loading  up  of  storage  coal  usually  occurs 
after  the  need  for  coal  is  passed.  In  other  words,  storage  coal  is 
held  in  reserve  to  guard  against  shortage,  to  use  on  occasions  of 
excessive  demands,  or  to  guard  against  snow  storms,  etc.  Imme- 
diately after  the  winter  period  is  passed,  the  railroad  companies  use 
up  the  coals  they  have  in  storage.  Therefore  the  storage  coal  is  used 
at  a  time  when  the  mines  want  the  business,  and  with  briquets  this 
could  be  overcome,  for  they  could  be  kept  on  the  ground  two  or  three 
years.  In  this  way  the  railroad  companies  would  be  saving  the  cost 
of  unloading  and  loading,  and  would  be  out  simply  the  interest  on 
the  investment ;  this  would  be  much  less  than  the  unloading  and 
reloading  and  the  loss  due  to  degradation.  I  am  carrying  on  some 
experiments  now  in  that  direction  which  I  hope  will  be  of  value  and 
interest. 
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Steam  railroad  electrification  may  be  expected  to  come  from  three 
directions.  An  electrification  may  be  decided  upon  because  the 
continued  operation  of  steam  locomotives  through  a  tunnel  or 
through  a  city  is  deemed  to  be  a  public  nuisance.  It  may  be  de- 
cided upon  because  of  the  savings  which  can  be  made  by  electrical 
operation  instead  of  steam  operation,  or  it  may  be  decided  upon  as 
a  matter  of  larger  policy  on  the  part  of  the  railroad  company,  either 
for  the  purpose  of  attracting  more  travel  or  to  get  more  movement 
over  congested  trackage.  In  any  of  these,  the  density  of  traffic  is 
the  dominating  factor.  To  lead  to  electrification  because  of  the  first 
reason,  the  traffic  must  be  sufficiently  dense  to  make  the  nuisance 
large  enough  to  be  taken  into  account.  One  or  two  trains  a  day 
through  a  city  may  be  unobjectionable,  while  a  large  number  of 
steam  trains  a  day  passing  through  a  city  district  may  become  al- 
most intolerable.  To  lead  to  the  adoption  of  electrification  because 
of  the  savings  that  may  be  made,  there  must  be  a  sufficiently  dense 
traffic  for  the  aggregate  of  the  savings  per  train  mile  or  per  ton 
mile,  to  be  sufficient  to  balance  or  over-balance  the  fixed  charges  on 
the  added  investment  involved.  The  necessity  of  getting  more 
movement  over  trackage,  presupposes  a  density  of  traffic  sufficient 
to  make  the  movement  over  the  trackage  by  steam  more  or  less 
congested,  and  to  make  it  worth  while  to  attract  more  traffic  as  a 
matter  of  policy,  there  must  be  a  nucleus  of  traffic  to  start  from. 

The  determining  factor,  then,  in  the  electrification  of  steam  rail- 
road trackage  is  density,  and  density  of  traffic  is  the  characteristic 
of  terminals ;  consequently  terminal  working  presents  the  most 
fertile  field  for  this  development. 

Electrification  receives  its  largest  consideration,  from  the  pub- 
lic at  large,  owing  to  its  obviating  the  major  part  of  the  nuisance 
incident  to  the  operation  of  steam  railroad  trains  through  cities. 
There  is  secured  by  it,  practically,  freedom  from  smoke,  smell,  dust, 
noise  and  cinders.  The  smoke  nuisance  constitutes  the  larger 
nuisance  incident  to  steam  locomotive  operation.  It  constitutes  ^  a 
larger  nuisance  on  terminals  than  on  through  lines  because  of  its 
concentration  and  because  of  the  necessity  for  a  large  part  of  the 
terminal  patronage  to  expose  itself  daily  to  the  path  of  the  smoke. 
For  the  man  who  has  a  long  railroad  trip  to  make,  the  presence  of 
the  smoke  is  not  so  much  of  an  evil  as  for  the  suburbanite  who 
morning  and  evening  must  have  it  with  him,  or  the  dweller  along 
the  railroad  right  of  way  who  sees  his  property  constantly  dam- 
aged from  it.  Locomotive  smoke  is  particularly  aggravating,  be- 
cause it  is  concentrated  along  a  route  lying  in  many  cases  through 
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the  best  residence  districts  or  through  business  districts ;  because  the 
smoke  is  delivered  low  down  between  narrow  house  walls  where 
there  is  little  chance  of  dissemination ;  because  of  poor  combustion 
within  the  locomotive,  and  because  of  the  large  personal  element 
involved  in  any  attempt  to  reduce  it  to  a  minimum.  The  steam  jet 
employed  in  a  locomotive  smoke  stack,  the  rapid  rate  of  combustion 
and  the  small  exit  for  the  products  of  combustion  from  the  smoke 
stack,  combine  not  only  to  make  more  smoke  than  a  stationary  plant, 
but  to  lift  cinders  and  finely  powdered  coal  into  the  atmosphere  and 
spread  it  along  the  right  of  way.  In  addition,  ashes  are  being 
dropped  along  the  track  and  scooped  up  by  the  passage  of  the  train. 
The  intermittent  demand  for  steam  in  a  locomotive  also  tends  to  im- 
perfect combustion.  The  steam  of  the  steam  jet  is  an  evil  of  itself 
and  a  magnifier  of  evil  in  that  it  converts  the  sulphur  dioxide  of  the 
furnace  gases  (comparatively  inert  when  perfectly  dry)  into  highly 
corrosive  sulphurous  acid. 

Certain  noises  incident  to  steam  operation  are  objectionable, 
such  as  the  puffing  of  the  exhaust,  the  clank  of  the  running  gear 
and  such  pounding  of  the  track  as  may  come  through  the  use  of  a 
reciprocating  instead  of  a  rotating  motor.  These  nuisances,  of 
course,  are  absent  with  the  large  central  power  plant  outside  of  the 
residence  and  business  districts  and  provided  with  efficient  smoke 
preventing  devices. 

The  maintenance  of  such  nuisances,  in  addition  to  being  disagree- 
able to  the  public,  is  injurious  to  public  health  and  tends  to  depress 
property  values  along  the  line  of  route  both  because  of  the  positive 
damage  done  from  dirt  and  gases  and  from  the  unattractive  means 
of  transportation  offered.  Costly  damage  is  done  to  merchandise 
and  a  large  amount  of  money  required  to  be  expended  by  nearby 
occupants  for  cleaning  buildings  and  structures  and  keeping  the 
same  in  repair ;  this  is  directly  chargeable  to  the  nuisance.  With 
the  operation  of  electric  trains,  rather  than  steam  trains,  some  de- 
crease in  fire  loss  may  be  expected,  and  the  people's  lighting  bills 
will  be  smaller. 

The  public  nuisance  of  steam  operation  may  also  come  from  the 
steam  operation  constituting  a  public  danger.  This  is  particularly 
true  in  cases  of  steam  operation  through  tunnels  and  over  con- 
stricted trackage.  It  is  because  the  operation  of  trains  by  steam 
through  their  tunnel  was  considered  a  menace  to  public  safety,  that 
the  New  York  Central  R.  R.  was  required  by  legislative  act  to  oper- 
ate its  New  York  terminal  electrically.  In  the  steam  operation  of 
the  St.  Clair  tunnel  there  were  cases  of  asphyxiation  of  the  train 
crew  through  the  parting  of  a  train  in  the  tunnel  filled  with  gases. 
While  it  did  not  require  a  public  act,  because  trains  were  never  op- 
erated therein  by  steam,  it  was  because  steam  operation  would  be  a 
nuisance,  that  the  Paris-Orleans  line  electrified  their  tunnel  entry 
into  their  Paris  terminal  and  the  Baltimore  &  Ohio  R.  R.  its  ter- 
minal entry  into  Baltimore.     The  working  of  trains  by  electricity  in 
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such  places  removes  the  obscuring  of  signals  by  smoke,  admits  of 
the  installation  of  efficient  lighting  and  mechanical  devices,  provides 
a  much  more  certain  controlling  of  the  train  at  danger  points  and 
provides  physical  comfort,  and  good  vantage  point  for  the  operator 
in  the  cab  of  the  electric  locomotive  or  motor  car,  which  tends  to  in- 
crease his  alertness.  The  saving  which  may  come  from  electrical 
working  may  be  looked  for  at  a  number  of  points :  In  the  first 
place  the  absence  of  dust,  dirt  and  smoke  leads  to  longer  lived  fur- 
nishings and  less  wear  and  tear  on  the  rolling  stock,  and  also  to  a 
lessened  cleaning  expense.  It  is  probable  that  the  coaches  under 
electrical  working  will  require  cleaning  at  the  end  of  the  run  just  as 
they  do  at  present  with  steam  power,  but  while  there  is  as  frequent 
a  cleaning  there  is  not  so  laborious  a  one.  Dusting  off  parts  of  the 
cars  or  wiping  them  lightly  with  a  rag  will  take  the  place  of  a  hard 
scrubbing,  the  latter  not  only  costing  more  in  that  it  takes  more 
time  and  labor,  but  also  having  an  extra  expensive  effect  in  that 
the  hard  rubbing  removes  paint  work  and  varnish  and  otherwise 
damages  the  cars. 

The  absence  of  smoke  should  result  in  longer  lived  steel  work  in 
bridges,  viaducts  and  other  metallic  structures  adjacent  to  the 
track.  These  are  rapidly  eaten  away  because  of  the  sulphur  con- 
tained in  the  coal  burned  in  the  locomotives.  In  a  recent  inspection 
of  a  structure  in  Boston  over  a  main  track  railroad  after  about  15 
years'  use,  examination  disclosed  that  the  under  part  of  the  struc- 
ture was  very  badly  corroded  to  a  depth  of  approximately  one- 
eighth  of  an  inch,  diagonals  in  places  being  corroded  entirely  in  two 
and  the  outstanding  web  of  some  angles  having  entirely  disappeared. 
Above  a  wooden  flooring  in  the  bridge-work  where  the  metal  work 
was  shielded  from  the  action  of  the  gases,  only  a  negligible  amount 
of  corrosion  had  taken  place. 

A  greater  annual  mileage  capacity  is  available  from  the  equip- 
ment by  electrical  working  than  by  steam  working.  This  comes, 
first,  because  of  the  higher  speeds  obtainable  by  electrical  working, 
and  second,  by  reason  of  the  fewer  repairs  necessary  for  the  elec- 
trical equipment  and  consequent  larger  number  of  days  available  for 
service  throughout  the  year.  There  should  be  lessened  switching 
and  added  movement  under  electrical  than  steam  working.  This  is 
particularly  true  in  the  case  of  suburban  trains,  where  instead  of 
there  being  a  necessity  for  the  train  to  be  run  around  a  wye,  or  the 
locomotive  to  switch  over  from  one  end  of  the  train  to  the  other, 
it  will  only  be  necessary  for  the  motorman  to  proceed  from  one  end 
of  the  train  to  the  other  for  his  trip  in  the  opposite  direction.  Com- 
pared with  trains  hauled  by  steam  locomotives,  in  some  cases,  there 
will  be  saved  the  trip  of  a  train  to  the  storage  yards  for  cleaning 
and  back  again  and  the  trip  of  the  locomotive  to  the  water  tank  or 
to  the  roundhouse  for  grooming  before  the  next  run.  This  has 
been  found,  for  instance,  in  the  operation  of  the  New  York  Central 
R.  R.  terminal,  where  an  electric  locomotive  from  an  incoming  train, 
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on  arriving  switches  immediately  to  the  head  of  an  outgoing  train 
and  in  a  few  minutes  is  bound  out  on  another  trip. 

Electrical  working  of  course,  would  mean  a  greater  economy  in 
coal  consumption.  This  is  partly  due  to  the  even  load  imposed  on 
the  power  house  boilers  and  prime  movers  against  the  violently 
fluctuating  load  imposed  upon  a  locomotive  in  terminal  service ;  the 
tendency  of  the  power  house,  of  course,  is  for  the  larger  increments 
of  load  of  individual  trains  due  to  acceleration,  to  be  balanced  by 
the  lessening  of  the  demand  for  power  from  the  trains  which  are 
stopped ;  while  the  load  may  vary  throughout  the  day  we  shall  have 
fluctuation  replaced  by  readily  predicted  variations  for  which  we 
can  vary  the  units  in  service  in  order  to  bring  about  economy. 
There  is  probably  no  more  ably  developed  mechanical  device,  all 
things  considered,  than  the  steam  locomotive.  There  are  very  few 
that  will  equal  it  and  certainly  none  that  will  surpass  it,  but  the  fact 
remains  that  the  locomotive  is  a  compromise.  Certain  inherent  re- 
strictions limit  its  development  in  every  direction ;  the  track  gauge, 
considerations  of  weight,  of  space,  the  necessity  for  quick  steaming, 
the  wide  range  over  which  it  must  be  worked,  these  and  a  host  of 
other  considerations  lead  to  compromises. 

In  the  supply  of  electrical  motive  power,  choice  is  no  longer 
cramped  and  electrical  working  permits  us  to  choose  each  element 
of  the  whole  so  that  it  will  give  the  highest  possible  efficiency. 

As  a  result  we  find,  roughly  speaking,  that  on  terminal  operation 
the  fuel  consumption  by  electrical  working,  despite  the  losses  of 
transmission,  conversion  and  distribution,  is  one-half  that  of  the 
steam  working.  This  is  a  smaller  factor  in  Chicago  than  in  other 
parts  of  the  world.  With  electric  current  produced,  as  it  can  be  in 
large  power  houses  in  Chicago,  at  a  works  cost  of  approximately 
four  mills  per  kilowatt  hour  at  the  switchboard,  compared  with 
locomotives  burning  coal  which  is  secured  a  short  distance  away 
at  a  cost  at  the  mines  of  about  $1.00  per  ton  for  run  of  mine  coal, 
the  power  cost  is  about  the  same  with  one  system  as  with  the  other. 
The  cost  of  power  house,  labor,  water,  waste,  oil,  stores,  etc.,  bal- 
ances the  saving  in  the  cost  of  coal.  Where  the  coal  cost  is  higher, 
the  coal  saving  in  itself  may  be  sufficient  to  compel  electrification  on 
economic  grounds.  In  California,  for  instance,  where  coal  is  $8.00 
or  $9.00  per  ton,  electrical  working  may  be  adopted  solely  because 
of  the  coal  saving;  the  large  saving  to  be  effected  because  of  this 
coal  saving  admits  of  a  small  traffic  density  there,  and  justifies 
electrification  more  than  in  the  Middle  West. 

There  are  also  large  savings  to  be  expected  by  electrical  working 
from  a  lessened  repair  bill.  A  good  many  of  the  derangements 
which  come  to  electrical  motor  vehicles  may  be  repaired  where  they 
occur  out  on  the  road,  instead  of  requiring  a  trip  to  the  roundhouse, 
when  there  is  not  only  the  repairs  to  be  paid  for,  but  the  lost  time 
from  service  of  the  locomotive  in  making  the  trip  as  well.  The 
tendency  of  electric  motor  vehicles  is  towards  relative  freedom  from 
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the  aggregation  of  small  troubles  which  are  responsible  for  a  good 
deal  of  the  repair  bills  of  the  steam  locomotive,  and  these  small  de- 
rangements will  keep  small,  whereas  in  a  steam  locomotive  they 
magnify  themselves ;  they  cannot  be  attended  to  on  the  run  and  the 
result  is  that  at  the  end  of  the  run  they  have  grown  to  a  derange- 
ment requiring  a  trip  to  the  repair  shop.  Take  the  case,  for  instance, 
of  a  badly  packed  stuffing  box ;  in  an  attempt  to  stop  it  from  blow- 
ing the  engineer  jumps  down  from  the  cab  at  the  station,  twists  up 
a  couple  of  turns  with  a  wrench,  gets  the  packing  jammed  or  too 
tight  and  comes  in  with  a  cut  rod.  Repairs  would  also  be  cheapened 
because  of  the  greater  standardization  of  electrical  parts,  and  because 
a  good  many  of  such  repair  parts  permit  of  easy  installation  without 
fitting.  As  to  standardization,  everybody  believes  it  to  be  extremely 
desirable  and  everyone  may  be  counted  upon  to  work  towards  stand- 
ardization and  to  secure  it  in  a  measure.  At  the  same  time  there 
has  been  an  effort  to  secure  standardization  of  steam  locomotive 
types  which  has  not  been  altogether  successful.  There  is  tendency 
now  to  standardize  electrical  types  which  may  be  about  equally  suc- 
cessful. The  variations,  though,  may  be  expected  to  be  merely 
ones  of  detail.  However,  the  developments  are  such,  that  the  fitting 
which  will  be  required  will  be  small.  A  great  many  electrical  parts 
can  be  transferred  directly  from  one  machine  to  another,  whereas 
with  any  steam  engine  an  attempt  to  transfer  a  part  from  one 
machine  to  another  leads  to  tedious  and  expensive  fitting,  and  in 
the  fitting  of  new  parts  there  is  usually  a  good  deal  of  dismanteling 
to  be  done  in  addition  to  the  fitting,  all  of  which  runs  up  repair  bills. 
There  are  fewer  danger  points  for  derangements  on  the  individual 
electric  locomotive  than  on  the  steam  locomotive,  that  is,  there  are 
fewer  points  the  derangement  of  which  disables  the  machine.  The 
Uniform  load  and  the  even  torque  on  the  motors  tends  to  reduce 
strains  and  failure.  The  result  is,  we  may  predict,  a  maintenance 
charge  of  about  3  cents  a  mile  for  electrical  locomotives  against 
8  to  11  cents  for  steam  ones  and  of  about  i1/^  cents  per  car  mile 
for  multiple  unit  suburban  cars. 

The  electrical  working  will  cut  out  a  great  deal  of  the  dead  time, 
will  shut  off  the  consumption  of  power,  or  rather  the  consumption 
of  coal  at  the  individual  motor  during  stops,  by  its  higher  speed 
will  reduce  the  cost  of  train  labor  per  train  mile,  will  reduce  some- 
what the  shrinkage  of  coal  between  the  coal  pile  and  the  grate  bars, 
will  permit  the  use  of  the  cheapest  kind  of  coal,  remove  a  great 
many  of  the  roundhouse  expenses  and  remove  altogether  the  ex- 
pense of  keeping  up  water  stations ;  will  allow  the  substitution  of 
cheaper  roundhouse  labor  and  reduce  the  fixed  charges  for  the  plant 
for  the  handling  of  terminal  rolling  stock.  With  electricity,  trains 
can  be  operated  at  a  less  weight  per  passenger  or  a  less  weight 
per  horse  power  at  the  draw  bar,  than  steam  locomotives.  This 
will  effect  some  saving,  since  the  cost  of  transportation  varies  in 
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some  degree  with  train  weight.  In  the  case  of  an  electric  loco- 
motive of  the  larger  size,  a  95  ton  electrical  locomotive  will  more 
than  do  the  work  of  an  160  ton  steam  locomotive  and  we  thus  save 
on  locomotive  hauled  trains,  60  to  70  tons  on  a  300  to  600  ton  pas- 
senger train.  In  the  case  of  suburban  trains  operated  by  multiple 
unit  motor  cars,  the  weight  of  the  locomotive  is  replaced  by  a  much 
smaller  weight  for  the  motor  equipment  and  here  on  a  200  ton 
train  we  are  in  a  position  to  save  30  to  40  tons.  With  electric  and 
steam  locomotives  of  equal  power,  the  entire  weight  of  the  tender  is 
saved  and  in  some  cases,  part  of  the  weight  of  the  locomotive,  in 
addition  to  which  the  entire  weight,  or  a  large  portion  of  the  weight 
of  the  electrical  locomotive,  may  be  driver  borne.  Electrical  opera- 
tion allows  a  higher  mileage  capacity  of  equipment  so  that  although 
the  electric  equipment  costs  somewhat  more  than  the  steam  equip- 
ment, the  additional  mileage  power  may  serve  in  a  measure  to  bring 
down  the  fixed  charge  for  electrical  motive  equipment  per  train  mile 
closer  to  that  for  the  steam  trains  than  is  apparent  on  first  sight. 
It  is  contended  that  economical  operation  of  trains  is  based  upon 
and  secured  by  making  the  train  weights  as  heavy  as  possible. 
With  the  choice  arTorded  us  of  as  many  motors  as  we  desire  on  a 
train,  there  is  practically  no  limit  to  the  motive  power  with  which 
we  can  equip  a  train  and  consequently  no  limit,  except  the  capacity 
of  the  draw  bars,  of  the  trainload  which  can  be  handled  under 
electrical  working.  Some  lessening  in  the  track  maintenance  may 
be  expected,  although  whether  appreciable  or  not  is  somewhat  in 
question,  and  there  will  be  lessened  derangements  to  traffic  because 
of  the  more  facile  control  over  an  electrical  train.  These  derange- 
ments of  traffic  are  doubly  expensive.  They  are  an  expense  be- 
cause the  train  labor,  fuel  consumption  and  other  charges  per  mile 
go  on  with  a  steam  train  and  they  result  in  a  tangible  money  loss 
in  the  shape  of  fares,  in  the  case  of  a  suburban  service.  In  an  in- 
dividual case  passengers  finding  the  service  interrupted  will  resort  to 
alternative  street  car  or  other  routes  offered  them.  If  the  derange- 
ments become  frequent  they  will  get  out  of  the  habit  altogther  of 
patronizing  the  line  and  a  permanent  loss  of  traffic  will  ensue.  The 
steam  locomotive  is  exposed  to  additional  derangements  during  cold 
weather  because  the  steaming  capacity  of  the  boiler  is  reduced  in 
time  of  intense  cold,  and  cylinder  and  steam  pipe  condensation  is 
largely  increased.  The  last  year  of  suburban  operation  under 
steam  on  the  New  York  Central  R.  R.  terminal  brought  forth  in- 
cessant protest  during  the  cold  weather  on  the  part  of  its  patrons. 
On  some  days  there  was  hardly  a  train  which  was  not  more  than  a 
minute  or  more  late  and  some  of  them  15  to  30  minutes  late,  the 
delays  being  ascribed  to  reduced  steaming  power  in  the  locomotives. 
Ihe  third  of  the  general  reasons  we  have  advanced  for  terminal 
electrification  is,  perhaps,  the  one  which  at  the  present  time  will 
receive  the  greatest  consideration  from  railway  officials ;  that  is, 
ability  to  attract  more  traffic  or  to  get  a  greater  train  movement  over 
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terminal  trackage.  The  attractiveness  to  the  public  of  an  electric- 
ally operated  terminal  on  through  service  permits  of  good  advertising 
features  in  drawing  this  class  of  traffic  to  the  railroad.  In  suburban 
traffic  it  should  prove  a  feature  which  will  be  capable  of  bringing  in 
excellent  financial  returns  to  a  railroad,  by  turning  the  suburban 
service  into  an  adjunct  of  the  local  transportation  service  of  the 
community.  The  railway's  local  patronage  may  be  divided  into 
two  classes,  those  who  dwell  in  close  proximity  to  the  railroad  line 
and  those  in  comparative  isolation  from  attractive  competing  lines. 
Except  for  the  outlying  suburban  territory,  the  bulk  of  the  suburban 
patronage  lies  in  the  latter  class  and  the  tendency  will  be  for  the 
latter  to  be  encroached  upon,  since  improved  transportation  sys- 
tems are  being  continually  extended  into  the  suburbs.  If  a  person 
can  get  an  electric  surface  car  down  town  in  a  reasonable  length 
of  time,  particularily  if  he  can  get  such  car  without  reference  to  a 
time  table,  he  will  give  his  patronage  to  the  surface  company  and  the 
railroad  company  must  either  offer  equally  good  or  more  attractive 
service,  in  order  to  get  a  paying  share  of  the  traffic.  This  has  been 
recognized  particularly  by  the  British  railroads.  In  many  of  the 
English  cities,  a  large  part  of  the  local  transportation  field  is  occu- 
pied by  the  suburban  service  of  the  steam  railroads.  The  com- 
munities in  general  are  much  more  dependent  upon  steam  suburban 
trains  than  they  are  in  the  United  States.  The  movement  toward 
electrical  equipment  of  surface  car  lines,  and  in  particular  the  build- 
ing of  interurban  lines,  has  been  much  slower  in  Great  Britain  than 
in  the  United  States.  In  consequence  the  British  railway  managers 
have  been  able  to  see  a  lesson  in  the  United  States  in  the  building 
of  numerous  interurban  lines,  and  in  consequence  have  set  about  to 
bring  their  facilities  to  such  a  high  standard  that  the  building  of 
competing  lines  in  their  territory  would  not  be  undertaken.  As  a 
result  several  of  them  have  electrified  their  suburban  service  and 
put  on  a  fast  and  frequent  schedule  of  trains  made  up  of  multiple 
unit  cars.  They  have  met  with  a  greater  response  from  the  public 
because  of  their  improved  service,  and  have  met  with  financial  re- 
turns because,  in  the  first  place,  they  have  secured  a  large  increase 
in  their  patronage,  and  in  the  second  place,  economies  in  working 
which  enabled  them  to  haul  the  individual  passenger  at  a  lower,  yet 
a  profitable  rate. 

The  use  of  higher  speeds  on  suburban  service  does  not  appear  to 
be  economy  at  first.  As  a  matter  of  fact,  the  increased  power  con- 
sumption due  to  high  acceleration  adopted — (for  the  accepted  prin- 
ciple of  working  is  to  develop  a  high  initial  speed  and  then  coast 
on  part  of  the  run) — is  only  one  factor  with  several  others  in  mak- 
ing up  the  total  cost  per  train  mile ;  the  saving  in  these  by  higher 
speeds  will  offset  the  increased  cost  of  the  power,  the  total  power 
charge  being  somewhere  around  10%  ;  thus  the  train  labor 
per  train  mile  decreases  with  the  increased  speed,  as  does  the  clean- 
ing and  other  charges  which  amount  to  so  much  per  day  rather 
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than  so  much  per  mile.  The  higher  speed  may  even  result  in 
cheaper  working  until  we  consider  the  interest  on  the  extra  invest- 
ment for  the  higher  power  equipment,  the  extra  cost  of  feeders, 
etc.,  when  the  saving  may  be  offset.  In  turn  the  interest  charges  on 
certain  parts  of  the  investment,  which  will  be  a  constant  gross 
amount  over  a  somewhat  wide  variation  in  the  size  of  plant  provided, 
will  be  spread  over  a  greater  mileage  and  the  charge  per  mile  con- 
sequently brought  down ;  thus,  for  instance,  the  investment  in  car 
sheds,  in  power  house  building  and  terminal  platforms  will  be  ren- 
dered more  efficient.  The  demand  on  steam  railroad  suburban 
operation  is  for  the  provision  of  stops  at  shorter  and  shorter  inter- 
vals as  the  patronage  increases.  This  requires  quick  acceleration  in 
order  to  get  an  acceptable  mean  running  speed.  For  this  character 
of  service,  electrical  equipment  is  eminently  adopted  because  of  the 
rapid  acceleration  it  provides  and  because  of  the  ready  control  af- 
forded over  the  motive  power,  together  with  the  characteristic  of  the 
electric  motor  that  it  holds  its  efficiency  over  a  wider  range  of  speed 
than  does  a  steam  engine.  The  absolute  elasticity  of  multiple  unit 
equipment  is  highly  desirable.  During  the  middle  of  the  day  some 
method,  in  a  suburban  service,  of  providing  numerous  light  trains 
instead  of  a  few  heavy  ones  is  desirable.  With  multiple  unit  equip- 
ment, instead  of  six  car  trains  at  half  hour  intervals,  we  may  run 
two  car  trains  at  ten  minute  intervals,  with  only  a  slightly  higher 
cost.  And  during  the  rush  hours,  when  many  trains  must  pass  over 
the  tracks,  the  provision  of  heavy  trains  will  not  reduce  the  running 
speed  at  the  very  time  when  it  is  most  needed  to  keep  traffic  open, 
as  is  the  case  when  we  overburden  suburban  locomotives  with  heavy 
trains.  From  the  point  of  view  of  the  railroad  management,  the 
substitution  of  numerous  light  trains  for  occasional  heavy  ones  has 
its  advantages  in  that  the  added  convenience  to  the  public  will  cause 
the  coaches  to  be  generally  filled  instead  of  only  partially,  as  is 
too  often  the  case  in  present  steam  suburban  trains. 

The  utilization  of  the  suburban  tracks  to  their  full  value  as  local 
transportation  agents  is  very  desirable  to  the  community.  The 
people  want  to  use  the  suburbs  as  dwelling  places,  and  it  is  to  the 
interest  of  the  municipality  to  have  this  come  about,  since  it  in- 
creases the  taxable  area.  It  must  become  increasingly  difficult  to 
dwell  close  to  our  places  of  business.  Any  city  must  necessarily 
have  a  large  congested  business  district.  For  business  convenience 
the  offices  of  large  business  firms  and  those  who  deal  with  them  must 
be  close  together,  housed  in  tall  buildings.  From  this  district  the 
population  must  be  distributed.  With  street  traffic  growing  more 
intense  every  day,  the  distance  at  which  a  man  may  live  and  come 
down  to  his  work  on  the  surface  car  lines  in  an  acceptable  period 
oi  time  must  grow  less  every  day.  Further  increase  in  possible 
maximum  speed  can  avail  the  surface  cars  little  since  their  progress 
is  limited  by  the  frequency  of  stops  and  the  street  obstructions — both 
of  which  are  getting  worse.     To  provide  express  service  to  the  out- 
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lying  district  a  route  must  be  chosen  clear  of  the  streets — that  is  an 
elevated  railroad,  a  subway,  or  a  steam  railroad  right  of  way  already 
elevated  clear  of  the  streets.  Elevated  railways  and  subways  are 
very  expensive  to  construct  and  must  run  through  populous  districts 
in  order  to  earn  carrying  charges  upon  the  investment.  The  steam 
railroad,  however,  has  already  a  traffic  developed  which  will  carry 
it,  and,  if  electrically  equipped,  is  able  to  afford  local  transportation  to 
the  community  equal  to  the  best  a  subway  can  afford,  for  the  new 
investment  in  the  mere  equipment  it  would  be  necessary  to  provide 
for  a  subway.  A  more  desirable  load  on  the  power  station  would 
be  assured  than  the  operation  of  an  independent  road  would  offer 
since  the  movement  of  through  trains  and  the  switching  on  the 
terminal  would  be  the  greatest  outside  the  suburban  rush  hours  and 
would  tend  to  relieve  the  severity  of  the  peak  load  upon  the  power 
house. 

When  we  come  to  the  question  of  capacity  we  find  that  it  is  here 
electrification  is  most  likely  to  appeal  to  those  who  direct  the  policy 
of  railroads.  Terminal  property  is  becoming  increasingly  expen- 
sive. As  its  use  increases  the  efficiency  of  many  of  its  individual 
parts  must  decrease.  Thus,  as  a  terminal  becomes  busy,  junction 
points,  crossovers,  turnouts,  and  other  disturbers  of  traffic  multiply. 
The  tendency  to  heavily  load  the  freight  trains  reduces  the  speed  of 
these  trains  and  these  slow  trains  limit  the  movement  of  others.  In 
the  opening  of  a  new  terminal,  if  the  adoption  of  a  particular  kind 
of  motive  power  will  allow  us  to  provide  for  less  outlay  in  land  for 
tracks  to  do  the  required  work,  it  is  an  advantage,  as  it  is  with  a 
crowded  terminal,  to  allow  us  to  gain  desired  additional  movement 
without  providing  additional  trackage.  Electrification  provides  a 
system  of  working  which  gives  efficient  control,  quick  acceleration, 
allows  us  to  get  past  disturbing  points  with  a  minimum  of  delay,  does 
away  with  a  lot  of  dead  time  for  equipment,  makes  less  switching, 
gives  a  higher  speed  and  a  lessened  time  of  passage  over  busy  tracks, 
allows  of  almost  any  train  load  being  handled  without  much  loss  in 
speed,  and,  in  general,  allows  us  to  work  a  terminal  at  about  double 
the  capacity  it  possesses  under  steam  operation. 

With  the  enhanced  property  values  of  terminals,  their  crowding 
of  their  use  for  car  storage  purposes  must  cease.  For  through 
freight,  common  transfer  yards  must  be  provided  outside  the  cities 
and  the  freight  there  transferred,  instead  of  burdening  the  terminal 
tracks.  The  use  of  valuable  downtown  property  exclusively  for  the 
storage  of  empty  freight  cars,  and  eventually  of  even  empty  pas- 
senger equipment  must  cease.  The  ground  is  too  valuable  not  to 
be  bringing  in  a  rental.  The  same  is  true  of  using  terminal  freight 
houses,  as  at  present  constructed  for  freight  storage.  There  will  be 
a  demand  that  they  be  worked  more  intensively.  Trains  must  be 
brought  in,  quickly  unloaded,  the  cars  loaded  again  and  sent  out  of 
the  city  to  the  outside  yards.  Practically  this  means  small  trains 
over   the   terminal.     Here   again   electrification    recommends   itself 
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with  its  economical  handling  of  the  small  train  load  and  its  ability 
to  get  trains  over  the  tracks  in  a  hurry.  And  with  the  use  of  electric 
locomotives  about  the  terminal  warehouses,  it  becomes  possible  to 
use  them  not  only  for  receiving  and  delivering  freight,  to  build 
them  many  stories  in  height — even  to  carry  them  on  columns  and 
cover  the  tracks  with  them — and  utilize  the  upper  stories  as  ware- 
houses on  a  plan  similar  to  the  co-operative  warehouse  scheme 
adopted  at  Nashville  and  one  or  two  other  places.  The  dealer  in 
bulk  merchandise  may  then  be  saved  the  expense  of  50  cents  to 
$1.00  per  ton  of  teaming  his  goods  across  town — leaving  the  mer- 
chandise in  the  storage  warehouse  until  sold  and  delivering  it  to  the 
railroad  on  the  ground  floor  for  shipment.  With  the  danger  from 
fire  gone  and  the  possible  damage  from  soot  and  dirt  removed,  the 
storage  will  commend  itself  to  merchants.  The  New  York  Central 
R.  R.  is  planning  to  cover  its  entire  yard  and  right  of  way  at  its 
New  York  City  terminal,  since  electrification,  with  large  office 
buildings  from  which,  due  to  their  central  location,  a  handsome 
revenue  may  be  expected  to  be  returned  in  this  direction,  from  its 
electrification. 

An  electrified  terminal  also  presents  the  opportunity  (because  of 
cheap  handling  of  varied  train  weights  and  ready  starting  and  stop- 
ping) of  affording  a  local  freight  service  analogous  to  the  suburban 
passenger  service.  It  is  a  problem  with  large  retail  merchants  how 
to  handle  their  outlying  deliveries.  On  an  electrified  terminal  light 
freight  trains  with  a  car  for  each  suburban  station  could  be  made  up 
a  couple  of  times  a  day  and  run  out  over  the  line,  dropping  a  car 
at  each  stop,  and  picking  up  the  cars,  on  the  return  trip.  The  local 
wagons  could  meet  these  cars  and  distribute  the  goods  through  the 
adjacent  district  instead  of  making  a  long  trip  from  the  city  or  being 
worked  from  one  or  two  outlying  delivery  stations  to  which  goods 
are  sent  by  teaming  or  automobile  truck  delivery. 

Examining  the  terminal  electrifications  which  have  been  made  we 
find  that  electrifications  have  been  decided  upon  for  each  of  the  three 
general  reasons  we  have  advanced  for  electrification.  The  New  York 
Central  electrically  equipped  its  New  York  terminal  because  the  con- 
tinued operation  of  steam  trains  through  the  tunnel  entry  into  the 
terminal  was  held  by  legislative  enactment  to  constitute  a  public 
danger.  The  Paris-Orleans  (on  its  Paris  terminal)  the  Long  Island 
Railroad  (on  a  Brooklyn  terminal)  and  the  Baltimore  &  Ohio  (on  its 
Baltimore  terminal)  all  electrified  their  terminals  because  of  the  con- 
struction of  new  terminals  with  tunnel  entries  in  which  the  operation 
of  steam  locomotives,  would  be  deemed  distasteful  or  dangerous  to 
passengers.  The  operation  of  steam  locomotives  upon  these  termi- 
nals was  never  attempted.  The  new  Pennsylvania  terminal  into  New 
York  City  is  to  be  electrified  for  a  similar  reason.  The  New  Haven 
and  the  North  shore  electrifications  have  been  carried  out,  it  was 
announced,  to  secure  operating  economies.  To  secure  capacity  the 
various   tunnel   electrifications,   as — The   Grand  Trunk,   The   Great 
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Northern,  the  Michigan  Central,  and  the  Simplon  Tunnels — have  been 
carried  out  and  to  secure  capacity  is  said  to  have  been  the  reason 
why  the  New  York  Central  was  seeking  to  electrify  its  tunnel,  prior 
to  the  compulsive  action  of  the  legislature.  To  gain  additional 
patronage  is  the  avowed  purpose  of  several  British  electrifications. 

The  New  York  Central  electrification  of  its  New  York  terminal 
is  the  largest  yet  carried  out.  At  the  inception  of  the  work,  there 
were  about  650  trains  into  or  out  of  this  terminal  each  day.  The 
terminal  station  is  at  426.  street.  Entrance  thereto  is  by  means  of  a 
four  track  line,  partly  on  an  elevated  structure  and  partly  within  a 
tunnel  with  a  sunken  terminal  yard  at  the  station.  The  tunnel  extends 
from  56th  to  99th  streets,  a  distance  of  a  little  over  two  miles.  Un- 
der steam  locomotive  operation,  the  gases  within  the  tunnel  were 
objectionab1e  to  travelers  and  to  dwellers  in  the  vicinity  of  the 
ventilation  shafts  opening  to  the  street  above.  The  operation  of  the 
heavy  traffic  within  the  tunnel  was  dangerous,  despite  the  provision 
by  the  railroad  of  the  most  elaborate  safety  devices.  There  had 
been  persistent  agitation  upon  the  part  of  dwellers  along  the  right 
of  way  against  continuance  of  the  nuisances  (similar  to  the  recent 
agitation  against  the  Illinois  Central  R.  R.)  when  public  sentiment 
was  crystallized  by  a  serious  accident  within  the  tunnel  on  January 
8,  1902.  A  legislative  provision  was  made  shortly  afterward  requir- 
ing the  operation  of  trains  within  the  tunnel,  after  five  years,  by  some 
form  of  motive  power  which  would  not  require  combustion  within 
the  motor  vehicle. 

Prior  to  the  enactment  of  the  legislation,  however,  the  New  York 
Central  R.  R.  had  taken  steps  looking  to  the  electrification  of  the  ter- 
minal. The  terminal  was  crowded.  North  of  the  Harlem,  at  Mott 
Haven,  there  is  a  junction  of  three  lines  of  that  railroad.  The  main 
line  of  the  railroad  is  a  four  track  line,  running  along  the  bank  of 
the  Hudson  river  from  Albany  south,  and  coming  to  Mott  Haven 
from  a  westerly  direction ;  the  Harlem  Division  is  a  four  track  line 
coming  from  Chatham,  about  130  miles  north,  carrying  the  main 
line  traffic  of  the  New  Haven  road  from  its  junction  at  Woodlawn 
and  coming  into  Mott  Haven  from  a  northeasterly  direction ;  the 
Putman  division  (not  electrified)  lies  between.  The  junction  and 
the  tunnel  entry  into  New  York  City  acted  as  a  throttle  upon  the  road 
and  electrical  operation,  for  capacity  reasons,  has  been  long  mooted. 
With  the  electrification,  and  as  a  part  of  the  terminal  improvement, 
the  terminal  area  has  been  increased  200%  and  the  storage  space 
about  450%. 

The  electrification  is  intended  to  be  extended  to  Croton  on  the 
Hudson  Division,  34  miles  out  and  to  North  White  Plains  on  the 
Harlem  division,  24  miles  distant.  The  part  so  far  completed,  com- 
prises an  initial  zone  extending  over  17  miles ;  from  the  Grand 
Central  Station  to  Wakefield,  13  miles,  and  from  Mott  Haven  to 
Kingsbridge,  4  miles.  In  the  zone  there  are  electrified  73  miles  of 
main  track  and  12  miles  of  yard  track  and  sidings,  or  85  miles  in  all. 
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The  extension  of  the  electrification  is  under  way  and  eventually  the 
whole  electrification  will  comprise  224  miles  of  main  track  and  68 
miles  of  other  tracks,  or  292  miles  total.  Secondary  tracks  and 
freight  tracks  have  not  yet  been  electrified. 

Two  independent  power  stations  are  provided — one  on  each  di- 
vision of  the  road,  interconnected,  and  each  capable  of  handling  the 
entire  present  traffic.  Each  station  has  a  present  capacity  of  20,000 
kw. — and  an  eventual  capacity  of  30,000  kw.  There  are  storage 
batteries  in  each  substation  of  a  capacity  sufficient  to  carry  the  en- 
tire load.  These  batteries  vary  in  capacity  from  2,250  amperes  to 
4,020  amperes  on  a  1  hour  discharge  rating,  depending  upon  the 
capacity  of  the  substation.  The  electric  current  is  generated  by  turbo- 
alternators,  at  11,000  volts  and  distributed  at  that  pressure.  The 
transmission  lines  are  carried  partly  in  conduits  underground,  partly 
in  conduits  in  the  tunnel  walls  and  partly  in  pipe  conduits  on  top  of 
the  retaining  walls  within  the  city.  Outside  the  city  there  is  an 
aerial  transmission  line,  carried  on  steel  poles. 

The  substations  vary  in  capacity  from  3,000  to  4,500  kw.  there 
being  three  1,000  kw.  rotaries  installed  in  the  smaller  stations  and 
three  1,500  kw.  machines  in  the  larger  ones.  The  substations  vary  in 
distance  apart,  from  10  to  5  miles, — the  closer  spacing  being  at  the 
terminal  end.  There  is  one  station  right  at  the  end  of  the  terminal. 
A  protected  underrunning  third  rail  of  the  "Sprague-Wilgus"  type 
carrying  650  volts,  is  installed,  there  are  numerous  sectionalizing 
switches  for  the  isolation  of  sections  of  the  track  and  circuit  break- 
ers are  installed  at  intervals  in  houses  erected  for  the  purpose.  To 
serve  as  a  return,  the  track  is  bonded  with  bonds  concealed  under 
the  splice  plates.  High  frequency,  alternating  current,  is  used  for 
operating  the  signals,  impedance  bonds  being  installed  at  the  ends  of 
the  blocks  to  admit  the  passage  of  the  return  current,  but  to  prevent 
the  passage  of  the  signal  current. 

The  through  trains  are  hauled  over  the  terminal  tracks  by  electric 
locomotives  of  the  2-8-2  type.  Each  weighs  95  tons,  is  37  ft.  long 
overall,  with  27  ft.  wheelbase  and  is  equipped  with  4-550  H.  P. 
motors ;  the  overload  capacity  for  a  short  period  being  3,300  H.  P. 
The  motors  are  bi-polar,  with  broad  flat  pole  pieces ;  the  armatures 
are  mounted  directly  upon  the  axles  and  the  brushes  carried  on  the 
truck  frames.  They  are  designed  to  afford  accessibility  and  to 
readily  admit  of  repairs.  The  locomotives  are  fitted  with  double  and 
multiple  unit  control  gear. 

Suburban  trains  are  made  up  of  multiple  unit  motor  coaches  and 
trailers.  The  cars  are  of  steel ;  the  motor  coaches  weigh  53  tons 
and  the  trailers  44^4  tons,  each. 

The  New  York,  New  Haven  &  Hartford  Railroad,  in  addition  to 
sending  its  trains  from  Woodlawn  Junction  to  the  Grand  Central 
Station  (12  miles)  over  the  electrified  New  York  Central  zone,  has 
electrified  its  line  from  Woodlawn  to  Stamford,  Conn. — a  distance  of 
21.5  miles  ;  the  electrification  extends  over  rather  more  than  100  miles 
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of  equivalent  single  track.  This  road  had  previously  in  electrical 
operation  several  branch  and  secondary  lines,  its  initial  excursion 
into  the  electrical  field  being  in  1894.  This  later  electrification  how- 
ever is  a  trunk  line  electrification  extending  over  a  four  track  section 
of  the  New  Haven,  New  York  and  Boston  line. 

A  single  phase  equipment  is  adopted,  each  working  conductor 
being  suspended  by  triangular  hangers  from  two  stranded  steel  cate- 
nary messengers,  the  latter  being  carried  on  insulators  on  steel  bridges 
spanning  the  tracks  at  300  foot  intervals.  At  two  mile  intervals 
are  anchor  bridges — heavier  and  more  strongly  braced — to  which 
the  messengers  are  anchored.  These  bridges  carry  current-break- 
ers, section  insulators  for  the  contact  wires,  transformers  for  aux- 
iliary circuits,  signal  semaphores,  and  sectionalizing  switches.  They 
are  located  near  signal  towers,  the  tower  attendant  giving  the  neces- 
sary care  to  the  devices  on  the  bridge.  The  entire  contact  line  over 
a  given  track  is  connected  in  series  and  adjacent  lines  are  intercon- 
nected at  the  strain  bridges.  There  is,  in  addition,  an  auxiliary 
feeder  carried  on  each  side  of  the  line,  each  feeder  connected  to  the 
line  at  alternate  anchor  bridges.  Thus,  when  a  section  of  track  is 
cut  off  from  the  current,  a  way  is  provided  around  or  a  way  is  fur- 
nished for  feeding  current  past  a  heavy  local  demand.  On  curves, 
the  spacing  of  bridges  is  slightly  closer  and  an  intermediate  pole 
set  up  at  the  side  of  the  track  with  pull-offs  to  the  trolleys.  At 
one  of  the  yards  bridgework  is  dispensed  with  and  a  single  catenary 
construction  adopted  supported  from  a  cross  catenary  span  between 
poles.  As  originally  installed  the  contact  line  was  too  rigid.  As 
the  shoe  passed  along  it,  pressing  upward,  a  kink  was  put  into  the 
working  conductor  next  each  hanger,  this  leading  to  jumping  of  the 
shoe  in  subsequent  passages  whereupon  bad  arcing  resulted.  This 
has  been  cured  by  the  adoption  of  an  auxiliary  contact  wire  under- 
neath the  main  conductor  and  suspended  from  it  by  clips  at  points 
midway  between  hangers.  This  has  given  the  requisite  flexibility 
and  sparkless  collection  results.  The  auxiliary  Contact  wire  is  an 
iron,  figure  of  8  wire,  cheap  in  first  cost  and  cheap  to  replace.  It  has 
an  advantage  in  addition  to  giving  sparkless  collection,  in  that  the 
wear  is  transferred  to  it  from  the  more  expensive  copper  conductor, 
it  is  readily  replaced  when  torn  down,  and  the  accidents  are  trans- 
ferred from  the  main  conductor  (where  they  would  interrupt  traffic) 
to  the  auxiliary  conductor  which  may  remain  torn  down  for  several 
days,  the  trains  being  supplied  with  current  from  the  main  conductor 
meanwhile. 

It  is  the  intention  of  the  New  Haven  road,  to  eventually  electrify  its 
entire  line  from  New  York  to  Boston.  Consequently  this  section 
has  been  installed  with  an  eye  to  its  eventual  function  and  the  power 
house  located  at  one  end  of  the  line  instead  of  at  its  center.  Single 
phase  current  is  taken  from  3  phase  turbo-generators  at  the  Cos 
Cob  power  house  and  fed  to  the  line  at  11,000  volts.  There  are  nc 
substations. 
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All  trains  are  hauled  by  electric  locomotives,  although  motor  cars 
are  to  be  used  for  branch  lines.  The  locomotives  are  each  equipped 
with  four  250  H.  P.  single  phase  motors,  the  armatures  suspended 
from  the  drivers  by  a  quill  suspension,  the  driving  pins  held  cen- 
trally and  the  torque  transmitted  by  offset  special  springs  in  pockets 
in  the  drive  wheels.  The  field  and  field  frame  are  split  horizontally 
and  attached  to  the  frame  of  the  truck  by  suspension  bars  and  springs 
The  locomotives  are  fitted  to  work  on  direct  current  in  the  New  York 
Central  zone  and  single  phase  current  on  the  New  Haven — conse- 
quently their  interior  construction  is  somewhat  complicated. 

It  is  the  avowed  intention  of  the  New  Haven  road  to  work  its  en- 
tire line  from  Boston  to  New  York  by  electricity.  This  railroad  is  also 
gaining  control  of  the  street  railway  systems  throughout  its  terri- 
tory and  working  them  in  unity  with  the  railroad.  These  systems 
will  act  as  feeders  for  the  road  and  their  power  houses,  with 
the  provision  of  the  necessary  additional  units,  will  be  able  to  sup- 
ply the  main  line  witli  current  at  different  points  along  its  route. 
In  addition,  a  combination  of  the  electrified  steam  road  and  the  local 
street  car  lines,  will  establish  a  comprehensive  interurban  system.  Mr. 
Mellen,  the  President  of  the  New  Haven  road,  advocates  running  the 
local  street  cars  of  adjacent  towns  over  the  electrified  steam  road. 
Thus  the  resident  of  Stamford,  for  instance,  will  be  able  to  take  a  car 
at  his  door,  running  over  the  local  streets  to  the  railroads,  thence 
along  it  to  New  Haven,  and  then  by  way  of  the  streets  in  New  Haven, 
to  the  door  of  the  store  where  he  wishes  to  do  his  shopping. 

The  Long  Island  Railroad  has  an  electrified  terminal  in  Brooklyn 
in  addition  to  one  worked  by  steam  locomotives.  The  terminal  im- 
provements at  the  Atlantic  and  Flatbush  avenue  terminal  involved 
the  use  of  an  underground  terminal  and  a  tunnel  entry.  The  condi- 
tions are  similar  to  New  York,  although  the  trains  leaving  the  ter- 
minal are  entirely  suburban.  Legislative  enactment  required  work- 
ing by  a  form  of  motor  not  requiring  combustion  on  the  motor 
vehicle — hence,  electrification.  The  electrified  zone  comprises  about 
100  miles  of  track.  The  route  is  partly  in  a  tunnel,  partly  on  an 
embankment  or  structural  steel  elevation,  partly  on  the  level,  pass- 
ing through  a  number  of  towns  with  crossings  at  grade.  There  are 
lines  to  Hempstead  and  Valley  Stream  and  a  line  to  Rockaway  Beach 
which  carries  heavy  excursion  crowds.  The  line  is  generally  double 
track,  though  partly  four  track. 

Power  is  generated  at  Long  Island  City.  Instead  of  being  at  the 
electrical  center  of  gravity  this  power  house  is  not  even  on  the  elec- 
trified section.  The  reason  for  the  location  is  that  the  power  house 
will  be  extended  to  provide  power  for  the  projected  electrification  of 
the  Pennsylvania's  New  York  terminal,  and  it  should  preferably  be 
located  convenient  to  the  latter.  (The  Long  Island  Railroad  is  a 
Pennsylvania  property.)  There  are  installed  three  5,500  k\v.,  6.600 
volt  3  phase  alternators  in  use  by  the  Long  Island.  The  power 
house  is  built  to  contain  six  such  units  and  land  owned  by  the  com- 
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pany  will  permit  of  extending  the  power  house  lengthwise  to  hold 
seven  more — a  total  of  thirteen.  The  load  variation  is  now  some- 
what severe ;  with  the  loads  of  the  Pennsylvania  and  the  Long  Island 
carried  on  the  same  power  house  the  load  will  be  more  even. 

The  current  is  transmitted  from  the  power  house  by  a  line,  partly 
underground  part'y  aerial,  to  Woodhaven  Junction,  where  the  Rock- 
away  Beach  line  leaves  the  main  line.  At  Woodhaven  Junction  is  a 
substation  and  a  distributing  station,  whence  the  high  tension  cur- 
rent is  distributed  to  the  other  substations.  The  substations  vary  in 
capacity  from  4,500  kw.  to  2,000  kw.  1,500  kw.  rotaries  are  in- 
stalled at  the  larger  substations,  1,000  kw.  rotaries  at  the  smaller 
ones.  The  foundations  for  the  1,000  kw.  rotaries  will  take  the  1,500 
kw.  ones  as  well,  the  base  plates  being  built  to  accommodate  this. 
As  the  smaller  substations  grow  unequal  to  the  demands  1,500  kw. 
rotaries  can  be  substituted  for  the  1,000  kw.  ones,  and  the  latter 
removed  iu  new  substations  on  extensions  of  the  electrification.  At 
Hammei  substation,  near  Rockaway  Beach,  where  holiday  loads  are 
high  and  a  submarine  crossing  renders  the  interruption  of  the 
transmission  line  probable,  there  is  a  large  storage  battery.  Port- 
able substations  are  provided  to  help  out  abnormally  loaded  sta- 
tionary ones  or  to  take  care  of  extensions  pending  the  provision  of 
permanent  substations. 

A  600  volt  3d  rail,  direct  current  installation  is  provided.  The 
rail  is  protected  by  a  board  shelf  extending  over  its  top,  the  board 
being  held  by  clamps  to  the  rail.  Between  substations  the  rails  form 
continuous  conductors,  no  feeders  being  provided.  Past  grade 
crossings  the  rail  is  interrupted,  the  continuity  of  the  circuit  being 
kept  by  providing  jumpers  between  the  rail  ends — the  jumpers  pass- 
ing under  the  streets  in  drain  tiles  filled  with  pitch.  Where  turn- 
outs and  special  isolated  sections  of  rail  occur  the  earlier  plans  pro- 
vided for  cables  from  these  sections  to  switch  houses  at  the  side  of 
the  track  to  which  a  line  was  led  from  the  nearest  substation.  Pres- 
ent practice  is  to  tie  such  rails  into  the  rails  parallelling  the  main 
line  of  track  with  switch  boxes  interposed. 

Trains  are  hauled  entirely  by  multiple  unit  motor  coaches.  Motor 
coaches  and  trailers  make  up  the  trains  in  the  proportion  of  about 
two  to  one.  Two  electrical  locomotives  were  in  use  a  short  while. 
These  were  experimental  locomotives  bought  by  the  Pennsylvania 
for  trial  in  its  experiments  looking  to  the  electrification  of  its  New 
York  terminal.  They  were  afterwards  sent  to  the  West  Jersey  and 
Seashore — another  Pennsylvania  property. 

The  WTest  Jersey  and  Seashore  is  properly  not  a  terminal  elec- 
trification. It  extends  from  Camden,  New  Jersey  (across  from 
Philadelphia),  to  Atlantic  City — a  distance  of  about  65  miles.  It 
was  probably  electrified  to  prevent  the  building  of  competing  inter- 
urbans.  There  are  about  150  miles  of  track  electrified.  Except  for 
an  overhead  trolley  through  some  of  the  towns,  a  third  rail  direct 
current  600  volt  equipment  has  been  provided ;  the  same  type  of 
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rail  protection  adopted  as  was  used  for  the  Long  Island.     Multiple 
unit  motor  car  trains  are  used. 

The  Pennsylvania  is  building  a  new  terminal  in  the  heart  of  Man- 
hattan Island,  New  York  City.  Their  route  from  Bergen  Hill  on 
the  New  Jersey  side,  under  Jersey  City,  under  the  Hudson  River, 
across  Manhattan  Island  into  and  through  their  terminal,  under  the 
East  River  and  Long  Island  City  to  their  storage  yard  lies  in  tun- 
nels ;  some  four  track,  some  three  track,  and  largely  double  track. 
Electrical  operation  is  the  only  kind  to  be  considered  in  such  a  case. 
Contracts  were  recently  let  for  the  electrical  equipment.  It  is  stated 
that  the  system  to  be  used  is  not  yet  specified  but  it  is  presumed  that 
it  will  be  single  phase. 

The  Baltimore  &  Ohio  was  the  first  terminal  electrification  to  be 
undertaken  in  the  world.     It  was  electrically  equipped  in  1895.     The 
entry  of  this  road  into  Baltimore  was  formerly  by  ferry,  and  the 
better  entry  of  the  Pennsylvania  gave  them  an  hour's  advantage  in 
running   time   between    New   York    and   Washington.     To    secure 
direct  entry  the  B.  &  O.  laid  out  a  new  route  and  constructed  the  same 
largely  in  tunnel.     To   save  the  passengers  from  the  smoke  mui- 
sance  electrical  working  was  resorted  to.     A  section  extending  over 
3.4  miles  of  double  track  was  electrified,  a  direct  current  equipment 
being  provided.     The  service  is  hardly  a  terminal  service  but  really 
a  pusher  service  on  a  grade  through  tunnels.     The  east  bound  trains 
retain  the  steam  locomotives,  idle,  at  the  head  of  the  train  the  electric 
locomotives  pushing  the  train  through  the  tunnels  stopping  at  two 
stations  en  route.     All  west  bound  trains  drift  through  the  tunnel 
down  grade  and  the  electric  locomotives  finishing  an  east  bound  run 
drift  back  light.    There  are  300  to  400  trains  per  day.    Originally  an 
overhead  conductor  was  installed,  two  suspended  Z  bars  forming  a 
trough  in  which  a  skate  on  the  end  of  a  diamond  pantograph  slid 
and  collected  current  from  the  inside  surface  of  the  webs  of  the  Z's. 
The  corrosive  gases  from  the  locomotives  rapidly  deteriorated  this 
structure  and  it  was  replaced  by  a  third  rail  in  hope  of  cheaper 
maintenance.     This  is  protected  in  the  tunnel  by  a  plank  at  its  side 
set  on  edge  and  projecting  above  it.     It  is  thus  hard  for  a  track 
laborer  to  step  upon  it  or  to  pry  a  crowbar  or  tamping  iron  into  con- 
tact with  it.    At  Mt.  Royal  Station  the  rail  is  interrupted,  the  trains 
floating  over  the  gap.     At  the  other  station  the  platform  planking  is 
carried  over  the  rail  to  leave  only  a  narrow  crack  through  which  the 
web  of  the  collector  shoe  can  pass.     At  a  crossover  in  the  tunnel  a 
movable  third  rail  is  installed.     To  guard  against  locomotive  stall- 
ing, some  conductor  had  to  be  placed  within  reach.     A  rail  at  the 
standard  height  would  block  the  track.     So  the  movable  rail  is  in- 
stalled, arranged  to  be  lifted   by   levers    from   the    adjacent   signal 
tower  should  its  use  ever  be  required.      There  being  only  one  such 
place  it  was  cheaper  to  install  this  device  than  to  put  in  an  overhead 
conductor  and  equip  each  locomotive  with  a  pantograph  collector 
seldom,  if  ever,  to  be  used. 
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The  North  Shore  has  a  suburban  line  running  from  Sansalito,  just 
across  the  harbor  from  San  Francisco,  along  a  promontory.  It  was 
originally  a  narrow  gauge  line*  extending  north  to  Cazadero,  87  miles 
It  has  since  been  extended.  At  its  southern  end  are  suburban 
towns  and  adjacent  is  Mt.  Tamalpais,  an  excursion  point.  In  1902 
the  gauge  was  broadened  and  the  lower  end  electrified.  The  elec- 
trification extends  over  13.69  route  miles  of  double  track  with  spurs 
and  branches.  A  third  rail  direct  current  installation  has  been 
adopted,  multiple  unit  motor  cars  being  provided.  Current  is  pur- 
chased from  the  Bay  Counties  Power  Co.,  controlling  a  number  of 
hydraulic  power  developments  in  that  part  of  the  country.  Current 
is  delivered  at  50,000  volts  and  stepped  down  to  4,500  for  transmis- 
sion to  substations.  An  auxiliary  steam  plant  is  provided.  The 
right  of  way  through  towns  is  fenced  to  prevent  trespass.  Outside 
the  towns  there  is  no  protection.  Within  the  towns  reconstructed 
granite  insulators  are  used  for  the  third  rail.  Outside  creosoted 
wood  blocks  are  used ;  a  block,  sawn  from  a  cross  tie  being  spiked  at 
the  ends  to  the  ends  of  opposite  cross  ties  belonging  to  the  two 
tracks  and  both  contact  rails  being  carried  between  the  tracks  on 
one  insulator.  On  single  track  sections  a  block  from  a  cross  tie  is 
bedded  in  the  ground  opposite  the  end  of  a  tie  and  the  insulator 
spiked  to  this  block  and  to  the  end  of  the  cross  tie. 

The  Southern  Pacific  has  under  construction  the  electrification  of 
its  suburban  lines  out  of  Oakland  across  the  harbor  from  San  Fran- 
cisco. Entry  into  San  Francisco  from  the  east  is  by  ferry  across 
the  harbor  from  a  long  mole  into  the  harbor  from  Oakland,  at  the 
end  of  which  is  a  terminal  for  transcontinental  trains.  A  similar 
mole  at  Alameda  is  used  to  accommodate  a  large  suburban  traffic 
between  San  Francisco  and  suburban  towns  on  the  mainland  among 
which  are  Oakland,  Berkeley  and  San  Jose.  This  is  handled  by 
steam  and  is  said  to  be  the  heaviest  steam  suburban  traffic  in  the 
country  next  to  the  Illinois  Central  and  the  Northwestern.  Coal 
is  high  on  the  Pacific  Coast  and  its  saving  is  worth  while.  In  addi- 
tion the  Southern  Pacific  has  suffered  competition  from  the  San 
Francisco,  Oakland  and  San  Jose  Valley  or  so-called  "Key  Route" — 
a  high  speed  interurban  road  built  in  1903  and  catering  to  the  same 
class  at  the  Southern  Pacific.  About  50  miles  of  track  are  to  be 
electrified,  a  1,200  volt  direct  current  overhead  trolley  being  adopted. 

The  British  terminal  electrifications  concern  themselves  princi- 
pally with  the  suburban  traffic.  Suburban  traffic  in  Great  Britain 
is  more  important  than  in  the  United  States,  many  communities  rely- 
ing upon  steam  suburban  trains  for  the  greater  part  of  their  local 
transportation.  Take  the  case  of  London.  Out  of  8,000  trains  per 
day  entering  the  city,  but  500  are  long  distance  trains.  As  we  have 
already  said  the  building  of  electric  interurbans  is  backward  and  the 
railroad  managers  are  preventing  the  construction  of  these  competi- 
tors by  electrifying  their  suburban  lines.  In  addition  the  cost  of 
conducting  this  traffic  has  risen  25  per  cent  in  the  last  decade,  while 
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the  receipts  have  remained  stationary.  Consequently  it  is  necessary 
to  attract  more  traffic  in  order  to  pay  dividends. 

The  first  British  electrification  of  consequence  was  that  of  the  "In- 
ner Circle."  For  years  the  business  section  of  London  has  been  served 
by  an  enclosing  loop  of  railroad,  partly  in  tunnels,  partly  in  open 
cutting-.  This  loop  is  about  13  miles  around  with  diverging  connec- 
tions and  is  jointly  owned  and  operated  by  two  companies.  It  was 
built  to  connect  all  the  railway  stations,  the  plan  being  for  the  sub- 
urban trains  entering  the  stations  to  run  around  the  loop  delivering 
passengers  to  the  nearest  point  on  the  loop,  and  within  walking  dis- 
tance of  their  business.  The  central  part  of  the  city  was  left  with- 
out means  of  transportation  other  than  cabs  and  omnibuses — latterly, 
tube  lines  have  been  built  transversing  the  district.  As  a  means  of 
local  transportation  the  "Inner  Circle"  has  not  altogether  met  ex- 
pectations— for  one  thing  distances  from  the  loop  to  its  center  are 
too  great.  For  years  trains  on  this  line  were  operated  by  steam  loco- 
motives and  the  gases  within  the  tunnel  were  very,  obnoxious.  Begin- 
ning in  1901,  its  electrification  was  carried  out.  A  third  rail  direct 
current  installation  was  provided  with  multiple  unit  trains. 

In  1907  there  was  opened  to  traffic  the  electrical  service  on  the 
Great  Western  Railway's  Hammersmith  and  City  branch.  This  is  a 
suburban  line  delivering  trains  to  the  Inner  Circle,  and  its  electrifi- 
cation was  determined  upon  so  that  its  trains  might  proceed  intact 
over  the  "Inner  Circle."  Four  route  miles  of  double  track  was 
electrically  equipped  to  correspond  with  the  Inner  Circle  equipment. 
.  The  London  '&  Southwestern,  in  order  to  deliver  its  passengers  "to 
the  center  of  the  city,  built  an  electrically  equipped  tube  line  two 
miles  long  from  its  Waterloo  Station  to  the  Bank  of  England,  using 
the  same  as  an  adjunct  to  its  suburban  service.  A  similar  tube  line 
with  a  local  traffic,  however^  known  as  the  Great  Northern  and  City 
was  fathered  by  the  Great  Northern  Railway.  As  originally  plan- 
ned, the  suburban  trains  of  the  latter  were  to  enter  the  tubes  upon 
reaching  the  city  and  run  within  them.  A  50- foot  difference  in  grades 
where  the  connection  was  to  have  been  made  prevented  a  physical 
connection  and  the  scheme  was  abandoned,  the  tube  being  operated 
independently. 

The  London,  Brighton  &  South  Coast  electrified  a  four  mile 
stretch  inside  London  between  Battersea  Park  and  Peckham  Rye,  as 
an  experiment.  This  was  an  unimportant  cross  line  between  two 
main  lines.  Successful  the  electrification  was  extended  along  the 
main  lines  into  the  terminal  at  each  end,  giving  a  U  shaped  electri- 
fied route,  extending  over  12  route  miles  of  double  track  between 
London  Bridge  and  Victoria  Station.  A  single  phase  installation 
was  adopted,  the  motors  being  of  the  repulsion  type. 

In  1902  the  North  Eastern  Railway  carried  out  the  electrification 
of  its  suburban  lines  out  of  New  Castle.  The  principal  traffic  was 
between  New  Castle  and  Tynemouth,  8  miles.  In  connection  there- 
with  an  entirely  new  electrically  equipped  line  was  built  between 
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Gosforth  and  Ponteland.  The  electrification  extends  over  37  miles 
of  single,  double  and  four  track  line,  and  over  a  total  of  82  track 
miles.  A  standard  3d  rail  direct  current  installation  was  made. 
Power  is  purchased  locally.  Through  trains  are  still  operated  by 
steam  locomotives.  The  Quayside  branch,  a  freight  line  passing 
by  wharves  and  industrial  plants  was  electrified:  and  freight  -on 
this  line  is  handled  with  electric  locomotives.  \  The  freight  yard  is 
provided  with  an  overhead  trolley — span  wire  construction.  The 
financial  returns  have  been  good  and  the  operation  of  this  electrifi- 
cation excellent.  The  purpose  of  the  electrification  was  to  hold  the 
suburban  traffic.  ; 

The  Lancashire  and  Yorkshire  has  electrified  its.  suburban  lines 
out  of  Liverpool.  The  suburban  service,  carried  by  this  line  is 
almost  identical  with  that  of  the  Illinois  Central.  The  bulk  of  the 
express  trains  run  to  Southport,  18^  miles  distant,  with  occasional 
trains  beyond.  Local  trains  run  mostly  to  Hall>  Road,  yj/2  miles 
distant.  Stations  are  about  3^  mile  apart — the  spacing  is  greater  in 
the  outlying  territory.  The  road  is  practicably 'level,  without  severe 
curves,  skirts  the  seacoast  at  first,  then  strikes  ,  inland.  Excluding 
lateral  branches  at  the  time  of  the  electrification  about  the  same  num- 
ber of  suburban  trains  were  run  as  the.  Illinois  Central  now  runs. 
A  third  rail  direct  current  installation  was  adopted  with  multiple 
unit  trains.  A  physical  connection  has  been  made  with  the  Liver- 
pool E'evated,  and  the  latter's  trains  run  outi  to  the  suburbs  on  the 
Lancashire  and  Yorkshire. 

In  Italy  the  Mediterranean  Route  has  electrified  its  suburban  ter- 
minal on  the  Milan-Varese-Porto  Ceresio  line,  adopting  a  direct  cur- 
rent equipment  with  third  rail — trains  of-  one  motor  car  and  several 
trailers  later  replaced  by  multiple  unit  trainsi  The  initial  equip- 
ment was  over  about .80  miles  of  track — -it  has  beeU  extended  from 
time  to  time.  ./  i 

The  electrification  now  extends  to  a  maximum  ;  distance  of  30 
miles.  The  traffic  is  said  to  be  the  most  dense  in  Italy.  It  was 
electrified  in  1901  as  a  part  of  an  experiment  by  t|ie  Italian  govr 
eminent  looking  to  a  general  electrification  of  the  Italian  roads: 
Direct  current  working  was  applied  to  this  terminal,  while  3  phase 
equipment  was  applied  to  the  Vattellina  over  a  stretch  of  67  miles 
— the  latter  being  a  road  through  a  sparsely  populated  district  chosen 
to  represent  the  other  extreme.  .  ; 

The  Paris-Orleans  Railroad  in  1900  inaugurated ;  electrical  ser- 
vice into  its  Paris  terminal.  This  road  is  one  :of  the  most  import- 
ant in  France.  To  get  closer  to  the  center  of  Paris  a  new  terminal 
station  was  built  at  the  Quai  d'  Orsay  and  connected  with  the  old 
Austerlitz  terminal  by  a  tunnel,  the  station  tracks  being  below  street 
level  in  addition.  The  station  has  16  tracks  and  is  used  daily  ,by 
about  600  trains.  As  steam  locomotive  working  would  be  offensive 
the  new  terminal  was  electrically^  equipped  with  a  third  rail  and  di- 
rect current  equipment.     At  first  the  electrification  covered  only  the 
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2y2  mile  section  between  the  stations.  Later  it  was  extended  to 
Juvisy,  14  miles  distant,  in  order  to  secure  expected  profits  from  sub- 
urban traffic,  to  spread  the  fixed  charges  over  a  greater  train  mile- 
age, and  to  secure  a  more  even  load  at  the  power  house.  With  the 
extension,  the  expected  decrease  in  train  mile  costs  has  been  utilized. 
Through  trains  are  hauled  by  electric  locomotives.  Multiple  unit 
trains  are  used  for  the  suburban  service.  Freight  does  not  go 
through  the  tunnel  and  is  handled  by  steam  locomotives.  A 
few  fast  mail  and  limited  trains  are  run  into  the  terminal  by  steam. 

The  French  Western  operates  an  electrified  line  for  its  Paris  Ver- 
sailles suburban  service.  This  line  runs  through  a  tunnel  for  a 
little  over  two  miles  and  has  an  underground  terminal  station.  The 
electrified  line  extends  over  11  route  miles.  Third  rail  direct  cur- 
rent equipment  has  been  provided,  the  trains  made  up  of  a  motor 
coach  at  front  and  rear  ends  with  a  variable  number  of  trailers  be- 
tween. 

The  latest  terminal  electrification  is  that  at  Melbourne  which  has 
just  been  decided  upon.  There  the  suburban  lines  are  relatively 
very  important.  They  comprise  298  miles  of  track  out  of  a  total  of 
4,000  in  the  colony,  and  the  suburban  train  mileage  is  40%  of  the 
total  train  mileage.  The  desirability  of  the  electrification  has  been 
under  investigation  during  the  past  two  years,  and  the  decision 
recently  announced.  The  electrification  is  planned  to  be  carried  out 
over  one  of  three  zones — varying  from  about  a  quarter  of  the  total 
mileage  to  the  entire  suburban  mileage.  After  searching  the  field 
the  choice  narrowed  to  single  phase  equipment,  or  800  volt  3d  rail 
direct  current  equipment,  the  decision  being  made  for  the  latter  after 
due  consideration.  The  estimated  savings  under  electrical  working 
are  not  quite  sufficient  to  balance  the  additional  fixed  charges  and 
interest  charges,  but  are  within  10%  of  enough.  The  added  patron- 
age to  be  expected,  it  is  believed,  will  cause  a  net  gain. 

Coming  to  Chicago,  everyone  is  interested  in  the  Illinois  Central. 
The  railroad  operates  a  suburban  service  of  262  trains  per  day  to 
Flossmoor,  25  miles  distant,  and  to  intermediate  points,  to  Blue 
Island,  19  miles  distant,  and  to  So.  Chicago,  12.92  miles  distant,  the 
two  latter  being  on  lateral  branches.  Comparatively  few  trains  on 
the  Randolph  St.-Flossmoor  trunk  go  to  the  end  of  the  zone. 
Most  of  the  trains  to  the  outlying  stations  are  express  trains,  while 
a  strictly  local  service  is  maintained  as  far  as  Woodlawn,  8  miles 
distant.  There  are  in  all  72  locals  and  59  express  trains  each  way, 
per  day,  on  week  days,  and  47  locals  each  way  on  Sundays.  In 
addition  the  terminal  trackage  handles  the  large  through  passenger 
and  freight  traffic  of  the  Illinois  Central,  together  with  that  of  the 
Michigan  Central,  Wisconsin  Central,  Big  Four,  and  Chicago,  Cin- 
cinnati &  Louisville.  There  are  scheduled,  daily,  60  through  pas- 
senger and  freight  trains — the  actual  number  exceeds  this.  There 
are  over  the  terminal  zone  each  day  3,428  scheduled  suburban  train 
miles,  1,054  scheduled  passenger  train  miles,  607  scheduled  freight 
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train  miles.  A  24-hour  observation  disclosed  6,435.5  train  miles  of 
observed  and  estimated  trains,  2,700,000  observed  and  estimated  ton 
miles. 

At  6:10  P.  M.  occurs  the  maximum  of  34  trains  simultaneously 
upon  the  line — there  being  a  maximum  of  115  suburban  coaches  in 
these  trains.  The  maximum  load  upon  the  power  house  under  elec- 
trical operation  is  estimated  at  12,000  kw.  Not  including  a  power 
house  but  including  substations  we  have  estimated  that  an  electrical 
equipment  (with  a  3d  rail  contact,  multiple  unit  equipment  for  the 
present  suburban  coaches,  and  electric  locomotives  for  through 
trains),  could  be  provided  for  about  $4,000,000.  We  estimate  that 
the  savings  to  be  expected  will  offset  the  fixed  charges  on  the  in- 
vestment and  pay  acceptable  income  charges.  It  is  to  be  expected 
that  with  electrification  the  Illinois  Central  will  put  on  more  and 
faster  suburban  trains,  leading  to  increased  patronage  and  larger 
earnings  to  afford  a  net  gain  in  income. 

The  Illinois  Central  has  in  hand  an  extended  inquiry  into  the 
possibilities  of  electrification.  What  definite  action  they  will  take  it 
is  difficult  to  predict.  We  do  not  believe  that  definite  plans  have 
been  adopted.  The  railroad  has,  however,  announced  its  intention 
to  electrify,  it  is  going  ahead  with  its  investigation  in  good  faith, 
and  it  is  to  be,  therefore,  expected  that  they  will  electrify.  The  form 
their  plans  will  take  may  be  awaited  with  interest. 


DISCUSSION. 
December  2,   1908. 

President  Lozveth :  Mr.  Evans'  paper  has  opened  up  to  my  mind 
quite  a  prolific  subject  for  discussion,  and  I  have  no  doubt  that  there 
are  many  gentlemen  here  who  would  like  to  ask  some  questions  and 
perhaps  discuss  the  paper.  The  opportunity  is  now  before  you  for 
such  questions  or  discussion. 

Mr.  P.  Junkersfeld,  m.w.s.e:  Mr.  Evans'  paper  is  so  very  com- 
plete and  thorough  that  there  seems  to  be  little  room  for  further 
remarks  without  danger  of  repetition.  However,  even  in  the  face 
of  such  danger,  the  subject  might  be  discussed  under  three  headings 
—  (1)  Just  and  reasonable  demands  of  the  public:  (2)  Decreased 
expense  of  operation;  (3)     Possible  additional  revenue. 

Under  "just  and  reasonable  demands  of  the  public"  we  must  con- 
sider the  two  large  bodies  of  people  interested ;  first,  the  passenger 
patrons  of  the  road  and  people  who  live  in  the  terminal  city ;  second, 
the  stockholders  of  the  railroad  company,  the  employees  of  the  rail- 
road company  and  the  employees  of  the  various  manufacturing  com- 
panies who  furnished  the  equipment,  all  three  being  dependent  on 
the  net  earnings  of  the  road.  These  two  large  bodies  are  often  in 
conflict  at  the  start,  but  usually  there  is  a  happy  medium — a  fair 
middle  ground — that  can  be  finally  found.     In  this  day  and  age  the 
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most  important  thing-  is  that  neither  side  should  expect  to  have  the 
cake  and  eat  it,  too. 

Under  "decreased  expense  of  operation"  Mr.  Evans  has  pointed 
out  clearly,  that  as  far  as  maintenance  and  repairs  are  concerned, 
there  is  no  question  about  there  being  considerable  saving ;  but 
where  coal  is  as  cheap  as  it  is  in  Chicago  it  is  difficult  to  show  any 
large  net  saving.  That  brings  up  the  point  that  the  fixed  charges 
are  a  big  part  of  the  expense,  and  we  have  to  consider  what  can  be 
done  to  reduce  those  fixed  charges.  In  England,  a  body  that  cor-, 
responds  to  our  Interstate  Commerce  Commission  is  considering 
the  question  of  the  regulation  of  the  leaving  time  of  through  trains. 
For  instance,  in  London  several  of  the  competing  roads  will  each  run 
a  train  leaving  at  the  same  hour  for  Glasgow,  to  Edinburgh,  etc. 
Similarly,  in  Chicago,  one  road  competing  for  St.  Louis  traffic  will 
put  on  a  train  at  a  certain  hour  and  the  others  will  all  follow  suit. 
In  England,  the  idea  is  that  they  will  decrease  expenses  which  will 
eventually  revert  back  to  the  benefit  of  the  public.  A  scheme  like 
that  would  be  a  much  better  load  factor  for  the  electric  locomotive 
and  power  equipment. 

Another  thing  which  would  improve  the  load  factor  would  be  the 
forming,  perhaps,  of  terminal  associations,  or  at  least  the  operation 
of  those  electrical  equipments  centering  in  one  depot  under  a  single 
management.  If  the  several  roads  would  get  together  and  have  an 
arrangement  whereby  the  equipments  could  be  kept  more  constantly 
in  use  instead  of  lying  idle,  much  benefit  would  result.  A  still  fur- 
ther step  would  be  the  consummation  of  a  plan  as  proposed  by  Mr. 
Delano,  which,  as  you  will  remember,  contemplated  placing  back 
from  the  center  of  the  city  a  terminal  for  quite  a  number  of  railroads 
entering  Chicago ;  have  them  all  build  their  terminals  side  by  side 
at  Twelfth  Street.  That  would  make,  probably,  a  still  further  im- 
proved load  factor,  for  the  electric  equipment  and  also  on  the  power, 
whether  they  manufactured  the  power  themselves  or  purchased  it. 

In  regard  to  the  third  point — "possible  additional  revenue" — 
when  the  possible  large  increase  of  suburban  traffic  due  to  the  con- 
stantly increasing  tendency  of  moving  into  the  suburbs  and  into  the 
country  is  taken  into  consideration  it  is  an  important  item,  and  in- 
creased revenue  from  suburban  traffic  would  doubtless,  by  itself 
in  a  few  years,  go  a  long  way  toward  paying  for  this  additional 
expense   due   to   electrification. 

I  think  no  one  who  has  looked  into  the  New  York  Central  R.  R. 
electrification,  where  the  conditions  are  similar  to  those  here  in 
Chicago  (in  fact  the  Illinois  Central  R.  R.  conditions  are  probably 
more  favorable  for  electrification  than  the  New  York  Central),  can 
doubt  that  the  time  has  come  when  the  Illinois  Central  R.  R.  should 
electrify,  with  benefit  to  both  of  the  two  large  bodies  at  interest — 
the  public  and  the  patrons  of  the  road,  and  the  second  body,  recently 
termed  in  a  discussion  as  a  "constituency  without  representation ;" 
that  is  to  say,  the  public  would  be  given  its  just  dues,  and  with  some 
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profit  as  well  to  the  company.  I  think  both  these  large  parties  can 
be  satisfied,  if  the  matter  is  worked  out  properly,  as  I  understand  it 
is  being  done. 

Mr.  E.  N.  Lake,  m.w.s.e.  :  I  was  talking  with  a  steam  railroad 
engineer  some  months  ago — and  I  would  like  to  say,  by  way  of  ex- 
planation, that  he  is  not  a  member  of  the  Western  Society  of  En- 
gineers and  is  not  connected  with  any  steam  railroad  running  out  of 
Chicago. — Among  other  things,  he  said :  "I  do  not  believe  this  busi- 
ness of  "electrolyzing"  railways  is  going  to  be  at  all  practical." 
The  first  opportunity  I  had  I  looked  up  the  definition  of  this  word 
"electrolyzing,"  thinking  that  I  might  have  overlooked  something 
in  the  application  of  electrical  terms,  and  found  that  it  meant  the  dis- 
sociation of  elements  by  the  application  of  electricity.  It  has  oc- 
curred to  me  that  perhaps  there  are  a  large  number  of  steam  rail- 
road engineers — I  mean,  of  course,  those  in  the  remote  districts— 
who  look  upon  electrification  as  a  dissociation  or  disintegration  of 
all  of  the  essential  elements  of  a  railroad.  As  a  matter  of  fact,  prac- 
tically the  only  item  of  equipment  that  is  affected  by  electrification 
is  the  locomotive,  which  is  replaced  by  three  elements,  viz.,  a  generat- 
ing equipment,  a  distribution  system  and  a  motive  system. 

By  reference  to  the  special  reports  made  by  the  Census  Bureau, 
and  by  making  a  few  figures,  it  will  be  found  that  the  locomotive 
investment  of  all  the  railways  of  this  country  is  only  about  5%  of 
the  total  valuation  of  their  operating  properties,  so  that  the  element 
that  is  affected  by  electrification  is  in  value  only  a  small  percentage 
of  the  total  value  of  the  railroad  properties. 

Some  months  ago  Mr.  Wilgus  presented  before  the  American 
Society  of  Civil  Engineers  some  results  of  the  operation  of  the 
New  York  Central  R.  R.  As  I  remember  those  figures,  he  stated 
that  the  actual  effective  work  which  could  be  secured  from  an 
electrical  locomotive  was  about  25%  more  than  from  a  steam  loco- 
motive. If  the  system  is  large  enough,  and  if  the  runs  are  so  ar- 
ranged that  this  additional  work  can  be  taken  proper  advantage  of, 
it  means  that  with  a  system  requiring  50  steam  locomotives,  40  elec- 
tric locomotives  will  do  the  work.  I  made  some  figures  here  a 
moment  ago  to  indicate  what  that  would  mean  by  way  of  savings. 
The  steam  locomotives  of  the  New  York  Central  R.  R.  were  given 
at  $15,000  each,  and  50  of  them  would  cost  $750,000.  The  electric 
locomotives  cost  $30,000  each,  and  40  of  them  represent  an  invest- 
ment of  $1,200,000.  The  annual  charges  against  these  two  styles 
of  locomotives,  as  given  by  Mr.  Wilgus,  including  interest,  deprecia- 
tion, repairs,  etc.,  were,  as  I  remember  the  figures ;  for  a  steam 
locomotive,  $4,500.00,  or  30%  of  the  first  cost  of  the  loco- 
motive;  for  an  electric  locomotive,  $3,700,00  or  123/2%  of  the  first 
cost  of  the  locomotive.  On  the  basis  of  this  equipment  of  50  steam 
and  40  electric  locomotives,  I  find  that  there  is  an  annual  saving 
shown  of  $77,000,  which  will  pay  approximately  12.8%  upon  the 
difference  in  cost  between  40  steam  and  40  electric  locomotives,  or 
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17.1%  or,  the  difference  in  cost  between  50  steam  and  40  electric 
locomotives. 

One  other  thought  comes  to  me  in  this  connection,  and  that  is, 
that  we  have  in  the  East  two  systems  in  operation — systems  which 
are  fundamentally  different  and  which  are  manufactured  by  com- 
peting companies ;  and  we  have  here  in  the  West,  or  will  have  soon, 
two  completed  tunnel  equipments  which  are  likewise  furnished  by 
competing  companies.  I  think  it  is  especially  fortunate  that  there 
is  this  competition  in  this  matter  of  the  development  of  electrifica- 
tion equipments.  It  means  the  same  thing  that  competition  has 
meant  in  the  matter  of  steam  locomotives ;  it  means  that  each  manu- 
facturer is  going  to  develop  his  apparatus  and  equipment  to  the 
highest  possible  state  of  perfection.  One  who  purchases  steam  loco- 
motives from  any  of  the  manufacturers  of  standard  equipment  at  the 
present  time,  is  sure  of  getting  a  perfectly  workable  and  practical 
piece  of  apparatus  which  represents  a  value  commensurate  with  the 
investment  he  puts  into  it,  and  I  think  that  with  the  competition 
which  we  now  have  this  is  true,  and  will  always  be  true  of  the  two 
systems  of  electrification  which  are  now  being  tried  out. 

Mr.  James  Lyman,  m.w.s.e.  :  A  superficial  consideration  of  the 
electrification  of  large  steam  railway  terminals,  might  give  the  im- 
pression that  the  proposition  is  largely  experimental.  Mr.  Evans' 
discussion  of  the  subject  this  evening,  showing  what  has  been  actual- 
ly done  in  this  country  and  abroad  in  electrifying  certain  sections 
of  steam  railroads  and  their  terminals,  is  evidence  that  the  proposi- 
tion has  in  a  large  measure  passed  through  the  experimental  stage. 

Indeed  it  may  be  stated  that  electric  locomotives  for  handling 
through  trains  and  electric  equipment  for  suburban  cars  are  as 
thoroughly  standardized  today  for  a  given  type,  as  our  steam  loco- 
motives. 

The  New  York  Central  R.  R.  has  34  electric  locomotives  and  a 
large  number  of  suburban  car  equipments.  After  a  year  and  a  half 
of  service,  this  company  has  ordered  12  more  locomotives,  identical 
with  the  original  locomotive  furnished  in  every  respect,  with  the 
exception  of  a  slight  modification  in  the  trucks.  Any  additions  to 
the  suburban  car  equipments  would  also  be  identical  with  those 
previously   furnished. 

The  Interborough  Rapid  Transit  Co.  have  a  standard  equipment 
on  all  their  subway  cars  and  a  standard  equipment  on  all  their  elec- 
tric cars.  The  same  is  true  of  the  principal  elevated  and  heavy 
surface  electric  railroads,  in  Boston,  Philadelphia,  Chicago,  Balti- 
more and  other  cities. 

The  electric  equipment  for  this  service  or  for  the  heavy  steam  rail- 
way service  is  simpler  in  design  than  the  steam  locomotives. 

Reference  has  been  made  to  the  increased  cost  of  the  electric  loco- 
motive over  the  steam  locomotive.  It  is  true  the  cost  per  locomotive 
is  about  double.  From  actual  experience,  however,  the  electric  loco- 
motive has  the  following  advantages  over  the  steam  locomotive  of 
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equal  draw-bar  pull,  which  fully  compensates  for  the  additional  cost, 

1st:     For  handling-  through  trains —     • 

About  25%  greater  capacity — 

25%  more  time  available  for  service — 

50%  less  total  weight. 

2nd :  For  switching  purposes,  due  to  higher  acceleration  and 
more  perfect  control,  also  more  time  available  on  tracks,  it  can  per- 
form about  100%  more  movements,  which  means  100%  more  work 
performed  than  a  steam  locomotive  of  equal  draw-bar  capacity. 

The  ability  of  a  locomotive  to  move  a  train  depends  on  draw-bar 
pull.  It  is  common  practice  to  rate  steam  locomotives  according  to 
their  draw-bar  pull,  the  locomotives  being  designed  for  a  certain 
speed  suitable  for  express  or  freight  service.  For  continuous  ser- 
vice on  either  work,  as  hauling  through  trains,  the  capacity  of  the 
steam  locomotive  is  limited  by  the  capacity  of  the  boiler.  The 
electric  locomotive  has  no  boiler  limitations  and  can  accelerate  to 
its  maximum  speed  more  rapidly  and  maintain  a  uniformly  higher 
speed  than  the  steam  locomotive  of  the  same  general  rating. 

In  a  number  of  instances  electric  locomotives  used  for  freight 
service  have  handled  trains  at  a  speed  of  double  the  scheduled  speed 
performed  by  the  steam  locomotives  they  replaced. 

We  are  indebted  to  Mr.  Evans  for  an  exceedingly  clear,  concise 
and  interesting  paper,  and  I  move  you,  Mr.  President,  a  vote  of 
thanks  to  him. 


Further  Discussion,  December  ii,  1908. 
Meeting  of  the  Electric  Section. 

Mr.  D.  W.  Roper,  (Chairman)  :  The  problem  of  transportation 
is  one  of  the  projects  of  our  modern  civilization,  and  has  always  been 
an  interesting  subject  to  all  of  us  who  have  to  come  down  to  our 
work  daily  and  return  at  night ;  not  only  to  us  but  to  the  other  mem- 
bers of  our  family  who  have  occasion  to  do  shopping  or  visiting. 

Some  of  us  can  recall  that  twenty-five  years  ago  the  highest  de- 
velopment of  transportation  was  the  bob-tail  car  pulled  by  one  horse 
or  a  mule,  and  one  man  served  both  as  driver  and  conductor.  After 
reading  some  of  the  complaints  lately,  as  printed  in  the  papers  about 
not  getting  enough  heat  in  the  rush  hours,  (the  company  turning  off 
the  heaters  to  economize  in  electric  power  at  the  peak  of  the  load) 
it  occurred  to  me  that  back  in  the  old  days  the  people  complained 
about  not  having  enough  hay  in  the  bottom  of  the  cars  to  keep  their 
feet  warm.  So  I  suppose  the  service  will  always  be  a  little  behind 
the  ideas  of  the  traveling  public. 

In  the  early  days,  the  car  lines  were  rarely  more  than  three  or  four 
miles  long,  and  it  required  some  thirty  or  forty  minutes  to  complete 
the  trip.  A  little  later  two-horse  cars  were  introduced — somewhat 
larger  and  more  comfortable — and  the  lines  were  lengthened  some- 
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what.  After  that,  cable  roads  were  introduced,  and  they,  with  their 
increased  speed,  were  able  to  carry  the  passengers  a  good  deal 
farther  in  the  thirty  or  forty  minutes  ordinarily  used  by  the  other 
method. 

It  is  interesting  to  note  that  in  all  the  developments  that  have  oc- 
curred from  the  beginning  up  to  the  present  time,  the  length  of  trip 
that  the  average  commuter  or  passenger  on  the  electric  surface  lines 
is  willing  to  take,  has  not  greatly  changed,  and  beyond  the  thirty  or 
forty  minute  trip  there  was  then  the  same  sudden  falling  off  in  the 
traffic  as  there  is  now ;  not  that  there  is  no  traffic  beyond  the  thirty 
or  forty  minute  trip,  but  the  traffic  that  goes  beyond  the  length  of 
that  trip  is  small  compared  to  the  traffic  inside  of  that  distance. 

In  those  early  days,  too,  the  cities  had  a  sharper  line  of  division,  or 
wider  gap,  between  the  territory  reached  by  the  horse  car  lines  and 
the  territory  served  by  the  steam  roads. 

As  the  electric  lines  were  introduced,  they  at  first  performed  the 
same  service  as  had  been  rendered  by  the  two-horse  car  lines  and 
cable  roads  ;  but  from  that  time  up  to  the  present,  they  have  gradually 
increased  the  amount  of  power  in  the  motors  installed  in  the  cars, 
and  this,  with  the  improvements  in  the  road  bed,  has  permitted  a 
corresponding  increase  in  the  speed,  so  that  there  has  been  a  con- 
siderable increase  in  area  served  by  the  surface  lines.  Some  years 
ago,  when  these  electric  cars  first  began  to  make  a  respectable  speed, 
there  was  quite  a  falling  off  in  traffic  on  some  of  the  steam  roads, 
where  the  two  competed  in  one  territory.  As  a  result,  some  of  the 
steam  roads  have  taken  off  a  portion  of  the  trains  which  served  the 
stations  nearer  the  city,  and  have  changed  their  schedules  so  as  to 
have  "express"  service  to  the  more  distant  points,  which  is  the  same 
as  saying  that  they  have  increased  the  length  of  the  ride  which  they 
can  give  a  passenger  during  the  thirty  or  forty  minutes  he  is  willing 
to  spend  in  taking  the  ride. 

In  this  city  we  have  elevated  railroads  which,  with  their  express 
service,  can  secure  a  fair  share  of  the  traffic  in  districts  where  they 
compete  with  the  steam  railroads.  The  recent  improvements  in  the 
surface  lines  have  brought  about  a  redistribution  of  the  traffic  in 
many  districts.  People  who  formerly  rode  in  the  elevated  railroad 
now  find  they  can  make  better  time  in  getting  to  and  from  their  places 
of  business  on  the  surface  lines.  The  elevated  roads  have  in  turn 
improved  their  express  service  and  extended  their  lines  so  that  they 
are  drawing  traffic  from  the  steam  railroads.  Whatever  may  be  the 
immediate  cause  of  electrification  of  the  railway  terminals,  which 
would  include  the  suburban  traffic,  it  can  be  considered  as  one  step 
in  the  competition  with  the  surface  and  elevated  lines. 

The  average  speed  which  can  be  attained  by  electric  cars  has  been 
shown  to  be  somewhat  greater  than  that  obtained  by  the  steam  roads, 
so  that  this  electrification  will  make  a  good  result  in  a  further  exten- 
sion of  the  radius  which  can  be  served  by  the  steam  roads.  Unless 
human  nature  changes,  more  in  the  next  twenty-five  years  than  it 
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has  in  the  past  twenty-five  years,  we  shall,  after  a  while  get  to  a 
limit  of  urban  or  suburban  territory  unless  we  can  continue  to  in- 
crease the  speed  of  our  cars.  Whatever  the  form  may  be,  whether  of 
steam  roads,  electrified  steam  roads  or  surface  lines,  there  is  always 
going  to  be  a  sudden  falling  off  in  traffic  beyond  the  thirty  or  forty 
minutes  ride.  That  means  there  will  be  a  sudden  falling  off  in  the 
density  of  population  at  a  radius  of  twenty-five  or  thirty  miles. 

Mr.  IV.  B.  Story,  Jr.,  m.w.s.e.  :  I  do  not  know  that  I  have  much 
to  say  that  will  add  to  the  information  given  us  by  the  speaker  at  the 
last  meeting  of  the  Society.  His  paper  was  extremely  thorough,  and 
historical  in  its  nature ;  but  as  he  drew  practically  no  conclusions, 
there  is  not  much  to  speak  on,  so  far  as  his  conclusions  are  concerned. 
There  was,  however,  a  conclusion  drawn  by  one  of  the  speakers  fol- 
lowing the  presentation  of  Mr.  Evans'  paper,  which  is  worthy  of  at- 
tention and  possibly  merits  a  few  words  of  remark  in  regard  to  the 
ground  for  his  conclusion.  I  would  like  to  read  that  conclusion  if  the 
members  will  permit:  "I  think  no  one  who  has  looked  into  the  New 
York  Central  R.  R.  electrification,  where  the  conditions  are  similar  to 
those  here  in  Chicago  (in  fact  the  Illinois  Central  R.  R.  conditions  are 
probably  more  favorable  for  electrification  than  the  New  York  Cen- 
tral), can  doubt  that  the  time  has  come  when  the  Illinois  Central 
R.  R.  should  electrify."  I  am  unable  to  agree  with  the  gentleman 
referred  to  on  this  point,  and  while  I  have  given  the  subject  no  scien- 
tific study  from  the  point  of  view  of  the  Illinois  Central  R.  R.,  or  the 
other  roads  who  may  possibly  be  studying  that  question,  I  hold  that 
from  the  facts  as  given  in  the  paper  or  brought  forth  that  evening, 
there  is  nothing  to  show  that  this  conclusion  is  merited.  He  did 
not  base  his  conclusion  entirely  on  the  remarks  of  the  speaker  of  the 
evening  however.  We  have  not  had  opportunity  to  study  the  electri- 
fication of  the  New  York  Central  R.  R.  except  in  so  far  as  has  been 
presented  by  a  speaker  at  an  electrical  meeting  held  in  this  city  during 
the  past  yearj  and  also  from  a  paper  which  was  presented  before  the 
American  Society  of  Civil  Engineers  by  Mr.  Wilgus,  formerly  in 
charge  of  the  electrification  of  the  New  York  Central  lines.  The  re- 
marks of  the  speaker  of  the  last  meeting  of  the  Society  although 
historical  in  their  nature,  tended  toward  the  above  quoted  conclusion, 
and  after  listening  to  the  paper  and  the  remarks  made  by  him,  one 
is  led  to  the  belief  that  the  paper  was  prepared  with  the  idea  of  saying 
that  the  electrification  of  the  terminals  is  justified  at  the  present  time. 
I  believe  I  am  a  broad  enough  engineer  to  think  that  whatever  would 
serve  transportation  to  best  advantage  should  be  adopted,  but  the 
point  I  wish  to  make  is  that  so  far  no  facts  have  been  presented  which 
show  that  electrical  installation  is  justified  on  the  terminals  in  Chicago 
at  the  present  time. 

There  has,  as  you  all  know,  been  a  great  deal  of  talk  about  smoke 
in  Chicago.  So  far  as  Chicago  itself  is  concerned,  that  is  the  prin- 
cipal things  in  which  it  is  interested  at  the  present  time.  There  are 
certain  items  of  comfort  in  travel  to  be  considered,  but,  as  our  Chair- 
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man  has  said  this  evening,  in  twenty-five  years,  or  ten  years,  or  five 
years  of  electrification,  you  will  probably  find  a  certain  proportion  of 
the  people  who  will  find  something  that  is  not  quite  up  to  what  it 
should  be.  When  you  come  to  the  smoke  nuisance  or  dust  on  the 
present  suburban  railroads,  I  believe  I  am  justified  in  saying  it  is  due 
to  the  general  smoke  situation  in  this  city,  and  that  the  greatest  factor 
is  not  the  Illinois  Central,  the  North  Western,  nor  any  other  of  the 
railroads  or  series  of  railroads  leading  into  Chicago,  but  that  it  is 
caused  by  the  consumption  of  soft  coal  by  the  entire  city.  If  anyone 
will  walk  down  Michigan  Avenue,  when  the  wind  is  blowing  toward 
the  lake,  and  notice  the  smoky  streets,  I  think  he  will  agree  with  me 
that  the  smoke  is  coming  from  the  city  itself  and  not  from  the  Illinois 
Central  R  R.  as  we  are  led  to  believe  by  some  of  the  papers. 

In  order  to  touch  on  some  of  the  points  brought  forward  by  the 
speaker  of  the  last  meeting,  I  would  like  to  review  some  of  the  reasons 
which  the  Author  advances  as  justifying  the  electrifying  of  terminals, 
which  are  as  follows : 

"Electrification  provides  a  system  of  working  which  gives  effi- 
cient control,  quick  acceleration,  allows  us  to  get  past  disturbing 
points  with  a  minimum  of  delay,  does  away  with  a  lot  of  dead 
time  for  equipment,  makes  less  switching,  gives  a  higher  speed 
and  a  lessened  time  of  passage  over  busy  tracks,  allows  of  almost 
any  train  load  being  handled  without  much  loss  in  speed,  and,  in 
general,  allows  us  to  work  a  terminal  at  about  double  the  ca- 
pacity it  possesses  under  steam  operation." 

In  detail  he  has  touched  on  practically  all  of  these  points,  and  in 
no  place  has  he  given  any  figures  whatever  as  to  the  saving  to  be 
accomplished.  The  last  line  is  the  nearest  to  a  definite  conclusion 
which  he  draws.  I  claim  that  no  one,  as  yet,  can  say  that.  It  is 
possible  that  in  papers  that  have  been  given  on  electrification  of  ter- 
minals this  information  may  have  been  given, — how  double  the  capac- 
ity may  be  obtained — but  I  wish  to  say  the  electrification  of  the  New 
York  Central  lines  should  not  be  taken  as  an  example  for  Chicago. 
The  estimate  on  that  work  was  over  $30,000,000  and  the  work  is  not 
yet  completed ;  what  will  be  the  final  cost,  no  one  knows. 

Let  us  take,  for  illustration,  the  Illinois  Central  R.  R.  There  are 
no  crowding  conditions  that  require  enlarged  capacity  and  justifying 
the  expense  of  electrifying.  Electrification  is  only  one  of  the  elements 
in  the  total  scheme  which  goes  toward  the  increased  facilities  of  the 
terminals,  and  therefore  I  do  not  think  we  can  take  that  as  concluding 
the  question  at  all. 

A  number  of  the  reasons  which  he  has  given  in  this  resume  arc 
enlarged  upon ;  for  instance,  where  he  says  that  "certain  noises  in- 
cident to  steam  operation  are  objectionable,  such  as  the  purring  of  the 
exhaust,  the  clank  of  the  running  gear  and  such  pounding  of  the  track 
as  may  come  through  the  use  of  a  reciprocating  instead  of  a  rotating 
motor."    He  speaks  of  these  noises.     So  far  as  the  ordinary  person 
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• 
living  in  the  suburbs  is  concerned,  I  believe  these  are  small  matters. 

The  author  says,  "the  saving  which  may  come  from  electrical  work- 
ing may  be  looked  for  at  a  number  of  points :  In  the  first  place  the 
absence  of  dust,  dirt  and  smoke  leads  to  longer  lived  furnishings  and 
less  wear  and  tear  on  the  rolling  stock,  and  also  to  a  lessened  cleaning 
expense."  As  a  matter  of  fact  these  things  are  very  small  and  if  the 
cars  and  motors  are  not  kept  clean  you  will  hear  a  protest  from  the 
people. 

Another  reason  given  is,  "the  absence  of  smoke  should  result  in 
longer  lived  steel  work  in  bridges,  viaducts  and  other  metallic  struc- 
tures adjacent  to  the  track."  Then  he  spoils  his  own  argument  by 
stating,  "Above  a  wooden  flooring  in  "the  bridge-work,  where  the 
metal  work  was  shielded  from  the  action  of  the  gases,  only  a  neg- 
ligible amount  of  corrosion  had  taken  place."  I  claim  that  this  re- 
mark shows  there  is  not  much  injury  due  to  the  coal  smoke  from 
locomotives.  In  the  case  cited  it  was  probably  a  bridge  over  a  track 
in  which  the  steel  work  was  down  close  to  the  locomotives,  and  doubt- 
less the  city  had  not  taken  proper  precaution  to  protect  the  steel 
work.  No  bridge  work  will  stand  that ;  even  though  there  had  been 
electrical  installation  in  that  case,  I  doubt  not  that  there  would  have 
been  some  depreciation  of  the  steel  work. 

The  author  states  that  "a  greater  annual  mileage  capacity  is  avail- 
able from  the  equipment  by  electrical  working  than  by  steam  work- 
ing." We  are  willing  to  admit  that,  but  this  is  a  question  which  does 
not  concern  the  city.  It  is  one  of  the  elements  that  concerns  a  real 
saving,  but  there  are  no  figures  to  show  what  that  saving  will  be. 
It  does  not  as  yet  justify  the  installation  of  an  electrical  terminal. 
Then  details  are  given  as  to  how  these  savings  can  be  effected.  We 
admit  that  there  will  be  a  saving  in  certain  directions,  but  the  amount 
and  just  what  can  be  done  were  not  given,  and  these  are  the  things 
we  would  like  to  have  somebody  give  us.  I  think  you  will  find  that 
the  railways  terminating  in  Chicago  will  be  perfectly  willing  to  start 
in  and  do  the  work,  if  it  is  proven  that  it  is  the  best  thing  to  do.  The 
point  at  issue  now  is,  it  cannot  be  shown  that  electrification  is  justified. 

A  case  is  mentioned  in  the  paper  of  an  installation  made  in  Cali- 
fornia because  elecrticity  was  cheaper  than  steam.  I  happen  to  know 
about  that  particular  case,  and  as  a  matter  of  fact  the  purpose  of  the 
installation  was  to  sell  electricity ;  the  cheapness  of  the  service  had 
nothing  to  do  with  it.  The  corporation  bought  the  railroad  in  order 
to  use  up  some  of  its  surplus  electrical  current ;  the  deal  was  a  mis- 
take financially  and  therefore  from  an  engineering  standpoint.  That 
was  not  proper  power  to  put  in  at  that  time  on  that  particular  road. 
The  author  states  that  there  are  also  large  savings  to  be  expected 
from  electrical  working  from  lessened  repair  bills,  and  then  figures 
are  given  to  show  what  this  will  amount  to.  In  the  first  place  no 
one  knows  what  the  repair  bill  will  be.  The  electrical  installations  are 
not  old  enough  and  the  types  of  locomotives  are  not  determined 
definitely  enough,  to  enable  us  to  give  correct  figures,  and  no  one  can 
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say  today  what  the  repair  bill  is  going  to  be.  After  the  electrical 
installation  has  been  in  service  ten  or  fifteen  years  figures  more  nearly 
correct  can  be  obtained.  Referring  to  the  clause  on  a  later  page, 
"Repairs  would  also  be  cheapened  because  of  a  greater  standardiza- 
tion of  electrical  parts,"  the  idea  is  so  new  that  there  is  not  yet  a 
standard ;  if  there  is,  the  electrical  people  have  done  more  mechanic- 
ally than  most  people  I  know.  If  they  are  able  to  say  on  the  start 
that  these  parts  are  standard  and  are  going  to  last  fifteen  or  twenty 
years,  they  do  well,  but  I  have  grave  doubts  that  they  can  consider 
these  parts  as  standard. 

One  gentleman  stated  in  the  discussion  of  the  paper  that  the  New 
York  Central,  after  a  year  and  a  half  of  service,  had  ordered  twelve 
more  locomotives  identical  with  the  original  locomotives,  with  the 
exception  of  a  slight  modification  in  the  trucks.  That  was  because 
the  locomotives  had  not  been  in  service  long  enough  to  determine 
wearing  qualities.  The  author  states  that  we  may  predict  a  main- 
tenance charge  of  about  3  cents  a  mile  for  electrical  locomotives 
against  8  to  11  cents  for  steam  locomotives.  I  contend  that  on  ac- 
count of  the  absolute  lack  of  knowledge,  no  one  is  justified  in  mak- 
ing such  a  prediction. 

The  statement  is  made  that  a  saving  is  effected  on  account  of  there 
being  less  dead  weight  to  be  taken  from  place  to  place.  Possibly 
there  will  be  some  saving  in  this,  but  it  will  be  hard  to  measure.  The 
only  saving  will  be  in  the  locomotive  itself.  It  seems  to  be  estab- 
lished that  a  steam  locomotive  will  exercise  less  draw  bar  pull  than 
an  electric  locomotive,  and  it  is  possible  there  may  be  some  saving, 
but  it  is  difficult  to  say  what  it  will  amount  to. 

In  the  paper  there  is  some  uncertainty  as  to  exactly  what  is  being 
spoken  of.  The  proposition  is  treated  in  two  ways:  In  one  place 
the  electric  operation  is  spoken  of  as  being  easily  handled  on  account 
of  multiple  units,  and  in  other  parts  of  the  paper  the  locomotive  is 
mentioned.  The  thing  should  be  separated  so  one  will  know  what 
he  is  going  to  use.  In  electrical  terminals  all  the  through  trains  will 
have  to  be  handled  by  electric  locomotives  and  you  can  have  no  mul- 
tiple units,  and  the  multiple  unit  arguments  do  not  pertain  to  locomo- 
tives. The  subject  should  be  differentiated.  We  will  admit  that  for 
a  service  purely  suburban,  with  nothing  but  local  trains  coming  and 
going  within  a  radius  of  twenty-five  miles,  if  you  are  building  the 
railroad  in  the  first  place,  the  electric  railroad  is  the  proper  one, 
but  simply  looking  at  the  matter  from  that  standpoint  one  is  not  jus- 
tified in  saying  that  the  present  terminals  should  be  electrified.  It 
is  not  proven  by  the  figures  given. 

A  further  argument  given  is  the  facility  with  which  freight  can  be 
handled  at  electrified  terminals,  but  the  author  does  not  state  that  that 
same  method  of  handling  freight  is  available  now.  That  method  of 
storing  freight  is  being  used  today  in  connection  with  steam  terminals. 

Again,  on  a  later  page,  the  author  states  that  "an  electrified  ter- 
minal also  presents  the  opportunity   (because  of  cheap  handling  of 
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varied  train  weights  and  ready  starting  and  stopping)  of  affording 
a  local  freight  service  analogous  to  the  suburban  passenger  service. 
It  is  a  problem  with  large  retail  merchants  how  to  handle  their  out- 
lying deliveries.  On  an  electrified  terminal  light  freight  trains  with  a 
car  for  each  suburban  station  could  be  made  up  a  couple  of  times  a 
day  and  run  out  over  the  line,  dropping  a  car  at  each  stop,  and  pick- 
ing up  the  cars  on  the  return  trip."  This  sounds  very  nice,  but  as 
a  matter  of  fact  it  is  entirely  impractical  so  far  as  the  ordinary  way 
in  which  the  ordinary  freight  terminal  is  handled.  If  you  could 
handle  it  underground,  from  the  basement  of  the  wholesale  dealer 
or  store  to  the  rails  which  would  take  it  out  to  where  it  is  going,  it 
would  be  very  nice,  but  freight  is  not  handled  in  that  way.  When 
it  comes  to  a  railroad  terminal,  it  seems  as  though  all  the  freight  that 
is  going  out  of  town  wants  to  get  to  the  terminal  by  4  o'clock  in  the 
afternoon,  and  it  is  necessary  to  get  the  freight  away  from  the  doors 
as  fast  as  it  arrives,  for  the  teams  block  the  streets.  If  the  steam 
railroads  could  find  any  way  to  deliver  the  freight  a  carload  or  two  at 
a  time,  they  would  be  glad  to  do  it. 

Now  we  come  to  the  point  where  electrification  is  justified.  There 
seems  to  be  no  question  but  that  it  is  justified  in  the  New  York  Cent- 
ral installation — not  only  the  New  York  Central  but  the  Pennsyl- 
vania R.  R.  In  the  case  of  the  New  York  Central  the  traffic  had 
reached  such  a  condition  that  the  tunnel  through  which  the  trains 
formerly  passed  became  so  congested  it  was  practically  impossible 
to  handle  the  business ;  as  some  additional  means  of  getting  into  the 
city  had  to  be  provided,  electricity  was  one  of  the  means  by  which 
it  could  be  accomplished.  Entrance  to  the  Pennsylvania  depot  would 
be  absolutely  impossible  without  electricity.  Several  other  cases  are 
cited  by  the  author,  such  as  the  Baltimore  station.  All  of  those  in- 
stallations are  justified,  and  electricity  is  one  of  the  means  of  the 
present  day  by  which  we  can  overcome  things  that  could  not  have 
been  attempted  fifteen  or  twenty  years  ago,  and  where  we  come 
across  any  of  those  cases  there  is  no  question  but  what  an  electrical 
installation  of  terminals  is  justified.  But  those  situations  do  not  ap- 
ply to  Chicago,  or  any  city  situated  as  Chicago  is,  at  the  present  time, 
although  such  an  installation  may  be  justified  at  some  future  time. 
Here  in  Chicago  we  have  a  plain  spreading  out  twenty-five  miles  in 
every  direction,  and  it  is  going  to  be  a  long  time  before  electrical  in- 
stallation is  justified,  but  when  economic  conditions  require  further 
steps  to  relieve  the  crowded  condition,  and  the  electricians  can  give 
us  figures  that  will  show  where  we  can  save  money  on  electrical  in- 
stallation in  the  terminals,  we  will  gladly  take  up  the  matter 

In  looking  over  the  history  of  electrical  installation,  which  the 
speaker  of  the  evening  gives,  which  includes  practically  all  the  in- 
stallations that  are  either  now  in  use  or  which  are  contemplated  the 
world  around,  it  seems  to  be  shown  that  the  only  places  where  these 
installations  have  been  put  in  are  where  there  are  tunnel  conditions 
or  where  the  financial  conditions  will  warrant.     In  the  case  of  the 
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installations  in  Italy  and  Australia,  as  these  were  put  in  experiment- 
ally we  know  nothing  as  yet  about  how  the  experiments  turned  out 
and  most  of  the  work  was  done  by  the  Government. 

In  regard  to  the  Illinois  Central  R.  R.,  the  statement  has  been 
made  that  the  work  of  electrification  could  probably  be  done  for 
$4,000,000.  As  a  matter  of  fact  that  $4,000,000  would  doubtless 
have  to  be  doubled,  and  that  would  not  include  the  power  factor. 
The  moment  you  have  to  earn  the  additional  interest  on  that  money 
you  have  to  show,  not  only  a  large  saving  but  a  large  increase  in 
business  in  order  to  justify  it. 

Referring  to  the  question  of  the  figures  given  relative  to  main- 
tenance, I  find  in  the  discussion  of  the  paper  the  following:  "The 
annual  charges  against  these  two  styles  of  locomotives,  as  given  by 
Mr.  Wilgus,  including  interest,  depreciation,  repairs,  etc.,  were,  as 
I  remember  the  figures, — for  a  steam  locomotive,  $4,500,  or  30  per 
cent,  of  the  first  cost  of  the  locomotive;  for  an  electric  locomotive, 
$3,700,  or  I2y2  per  cent,  of  the  first  cost  of  the  locomotive,"  and 
from  that  the  speaker  proceeds  to  build  up  the  fact  that  the  main- 
tenance of  the  electrical  equipment,  while  costing  (as  shown  previous 
to  this  statement)  $1,200,000  as  against  $750,000  for  the  steam  loco- 
motives, would  more  than  justify  the  difference.  (I  should  have  men- 
tioned this  when  speaking  about  the  relative  cost  of  operation.)  I 
claim  that  the  science  of  the  electric  locomotive  and  of  electric  loco- 
motive operation  is  not  old  enough  to  justify  saying  that  the  main- 
tenance cost  is  going  to  be  $3,700  a  year,  and  all  you  have  to  do  is 
to  increase  that  three  or  four  hundred  dollars  to  find  the  figures  do 
not  show  any  such  saving  and  the  whole  thing  changes ;  therefore, 
it  does  not  prove  that  the  Illinois  Central  R.  R.  should  electrify  at  the 
present  time. 

At  the  last  meeting  the  remarks  seemed  to  be  all  from  an  electrical 
standpoint.  I  have  therefore  thought  I  would  be  justified  in  inflict- 
ing the  electrical  men  with  one  side  of  the  story. 

Mr.  W.  E.  Symons,  m.w.s.e.  :  The  paper  is  a  very  valuable  one, 
and  while  I  do  not  agree  with  the  author  in  some  respects,  this  does 
not  necessarily  detract  from  the  value  of  the  paper  or  the  weight  of 
the  author's  views. 

Taking  first  the  question  of  dust,  mentioned  in  the  first  page, 
which  seems  to  be  charged  to  that  arch-criminal, — the  steam  loco- 
motive. As  a  matter  of  fact,  the  dust  in  railway  trains  is  caused  by 
air  currents  due  to  the  train's  movement,  and  is  not  in  any  way  due  to 
the  use  of  a  steam  locomotive.  Less  than  three  per  cent  of  the  for- 
eign matter  in  railway  trains  comes  from  the  steam  locomotive  burn- 
ing soft  coal  Because  of  the  fact  that  small  particles  of  uneonsumed 
carbon  fall  on  one's  clothing,  face  or  hands,  making  black  spots,  if 
perspiring,  most  passengers  imagine  that  it  is  the  engine  that  creates 
all  the  dust  and  dirt.  With  an  electric  locomotive,  or  a  steam  locomo- 
tive burning  oil  or  anthracite  coal,  if  the  road-bed  and  other  condi- 
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tions  are  equally  favorable  to  dust,  the  train  will  be  just  as  dusty  as 
if  bituminous  coal  were  used,  though  not  quite  so  black 

Later  on,  the  author  mentions  that  "the  maintenance  of  such  nui- 
sances, in  addition  to  being  disagreeable  to  the  public,  is  injurious 
to  public  health  and  tends  to  depress  property  values  along  the  line 
of  route  both  because  of  the  positive  damage  done  from  dirt  and 
gases  and  from  the  unattractive  means  of  transportation  offered." 
Taking  first  the  question  of  property  values,  and  applying  the  case 
of  the  Illinois  Central  R.  R.  (which  seems  to  be  held  prominently 
before  the  Chicago  public  at  present)  ;  we  may  go  back  to  the  time 
when  the  Illinois  Central  R.  R.  was  built ;  at  which  time  I  presume 
that  the  land  where  the  terminal  is  now  located  was  worth  perhaps 
$20.00  per  acre,  possibly  less,  while  the  land  further  out  of  the  city 
through  which  the  road  passed  was  worth  probably  $10.00  to  $5.00, 
and  on  the  outskirts  may  be  less.  There  is  no  corporation,  individ- 
ual, firm  or  industry  that  has  done  more  in  the  way  of  enhancing  the 
value  of  the  property  along  its  line,  than  the  Illinois  Central  R.  R.,  and 
today  some  of  that  land  is  worth  $20,000  to  $30,000  per  acre.  The 
railroad  company  built  its  line  mostly  in  open  country ;  people  then 
came  and  built  homes  alongside  the  railroad,  many  of  them  making 
fortunes  thereby.  Now  these  same  people  complain  about  the  dirt 
and  noise  caused  by  the  railroad  which  made  the  place  habitable. 
This  I  contend  is  hardly  logical  or  consistent  in  the  face  of  all  the 
facts. 

The  second  indictment  is  that  steam  transportation  is  an  "unattrac- 
tive means  af  transportation;''  I  can  hardly  reconcile  this  statement 
with  what  we  Americans  are  so  proud  to  designate  as  our  beautiful 
and  palatial  trains  handled  by  the  most  superb  specimens  of  steam 
power,  that  throb  with  life,  and,  when  in  action,  are  the  very  picture 
of  life.  A  fine  steam  locomotive  in  action  is,  to  my  mind,  as  beau- 
tiful a  piece  of  work,  from  an  engineering  or  artistic  viewpoint,  as 
human  genius  can  produce,  and  I  can  hardly  agree  that  the  passen- 
ger trains  running  out  of  Chicago  are  unattractive  because  of  the 
steam  locomotive. 

Again,  there  is  this  statement  (thoroughly  analyzed  by  the  previous 
speaker)  ;  "The  saving  which  may  come  from  electrical  working  may 
be  looked  for  at  a  number  of  points ;  in  the  first  place  the  absence  of 
dust,  dirt  and  smoke  leads  to  longer  lived  furnishings  and  less  wear 
and  tear  on  the  rolling  stock,  and  also  to  a  lessened  cleaning  expense." 
The  cleaning  expense  depends  almost  entirely  on  climatic  conditions 
and  the  country  through  which  the  equipment  is  used.  The  equip- 
ment will  go  much  longer  if  hauled  through  a  country  well  grassed 
over  and  with  no  sand,  than  if  hauled  in  and  out  of  such  a  city 
as  Chicago  where  there  is  much  sand  and  dust,  and  excessive  smoke 
from  chimneys.  As  to  the  wear  and  tear  of  rolling  stock,  this  is 
largely  a  question  of  track  conditions.  Track  that  is  in  poor  condi- 
tion is  hard  on  rolling  stock.  It  is  also  due  to  some  extent  to  the 
character  or  capacity  of  the  motive  power  and  the  manner  of  handling 
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it,  and  if,  as  the  author  states  further  on,  we  are  to  have  electric  loco- 
motives of  largely  increased  efficiency  (25  per  cent  I  believe),  then 
we  may  look  for  a  larger  percentage  of  our  freight  and  passenger 
equipment  being  in  the  shops  for  repairs,  than  at  present.  As  it  is 
now,  the  claims  for  damage  to  contents  of  cars,  have  increased 
largely  during  recent  years  because  of  the  violent  handling  of  cars 
by  heavy  locomotives  while  "switching"  in  the  yards.  When  it  comes 
to  a  locomotive  25  per  cent  more  powerful  than  heretofore,  we  may 
look  for  still  greater  destruction  of  cars  and  contents. 

The  author  states  that  "a  greater  annual  mileage  capacity  is  avail- 
able from  equipment  by  electrical  working  than  by  steam  working." 
This  particular  feature  is  governed  largely,  as  mentioned  by  the  pre- 
vious speaker,  by  conditions  imposed  on  the  railroad  by  the  people. 
Where  a  heavy  local  business  prevails,  the  mileage  made  by  freight 
or  passenger  cars  is  limited  accordingly.  The  average  run  of 
freight  cars  is  about  25  miles  per  day,  while  passenger  cars  make  all 
the  way  from  60,000  to  100,000  miles  per  year,  depending  largely 
on  the  character  of  the  business.  Of  the  local  trains  running  out  of 
the  city,  very  few  make  the  mileage  of  trains  that  go  to  the  Pacific 
Coast,  or  other  long  runs.  Therefore,  it  makes  no  difference  as  to 
the  kind  of  locomotive  hauling  the  train.  The  mileage  will  bear  a 
close  relation  to  the  character  of  business  that  the  trains  handle,  and 
this  is  controlled  entirely  by  the  conditions. 

In  regard  to  the  "lessened  switching  and  added  movement  under 
electrical  than  steam  working,"  I  cannot  understand  why  the  switch- 
ing movement  is  lessened.  Railway  companies  do  not  do  any  un- 
necessary switching,  and,  regardless  of  the  kind  of  locomotive  used, 
whether  it  burns  oil,  coke,  bituminous  coal  or  is  operated  by  elec- 
tricity, the  cars  remain  undisturbed  unless  it  is  absolutely  necessary 
to  switch  them. 

With  respect  to  the  standardization  of  steam  locomotives,  I  must 
say  that  it  has  not  reached  the  degree  of  refinement  that  it  should, 
although  wonderful  progress  has  been  made  in  some  directions.  I 
wish  to  call  your  attention  to  the  following  as  lessons  in  standardi- 
zation : 

STANDARDIZATION    OF   LOCOMOTIVES 

No.  I.  In  reviewing  the  locomotive  equipment  on  a  certain  well 
known  railway  in  the  Middle  West,  it  developed  that  the  total  equip- 
ment, consisting  of  *  *  *  300  locomotives,  was  so  diversified 
in  type,  class,  kind  and  size,  as  to  be  impracticable  of  standardiza- 
tion to  any  considerable  extent,  except  in  the  old  obsolete  locomo- 
tives.    Of  the  Compounds  there  were  three   (3)   kinds,  namely, 

Cross,  Tandem  and  Vauclain 
and  these  in  turn  were  composed  of  four   (4)   different  types,  viz: 

Consolidation,  Prairie,  Ten-Wheel  and  Mogul 
These  twelve   (12)    combined   classes  and  types  of  compound  en- 
gines were  still  farther  differentiated  by  the  wide  range  of  size  in 
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cylinders  and  consequently  of  the  working  parts  in  connection  there- 
with. 

A  glance  at  the  following  table  No.  i,  showing  the  number,  type, 
kind,  size  of  cylinder  and  ages  of  these  compound  locomotives  proves 
the  impossibility  of  standardization,  even  in  a  modern  locomotive, 
which,  from  an  engineering  standpoint,  is  more  economical  in  the  use 
of  steam  than  the  single  expansion  engine,  but  which  may  be  far 
more  expensive  in  net  results  when  the  principle  is  applied  in  such 
manner  as  to  defeat  other  paramount  factors  in  the  economy  of 
locomotive  operation. 

TABLE  No.  I 


No. 

Type 

Kind 

Size  of 
Cylinders 

Age 

1 

Mogul 

X  Compound 

21  x  35  x  28 

17 

2 

Mogul 
10  Wheel 

X  Compound 

21  x  32  x  24 

17 

4 

Vauclain 

15^  x  26  x  28 

9 

10 

10  Wheel 

X  Compound 

22  x  3o  x  28 

8 

26 

Prairie 

X  Compound 

22  x  35  x  28 

6 

20 

Prairie 

Tandem 

16  x  28  x  28 

6 

10 

Consol 

Tandem 

22  x  35  x  32 

6 

73 

4  Types 

3  Kinds 

5  different  Sizes 

6 

From  the  foregoing  it  may  be  safely  assumed  that  whatever  econo- 
mies may  be  reasonably  effected  from  the  application  of  the  com- 
pound principle,  over  that  of  the  simple,  the  same  is  not  within  the 
range  of  possibilities  on  the  particular  line  in  question,  for  several 
reasons,  namely ;  increased  first  cost,  diversified  types  and  kinds  and 
not  only  the  impossibility  of  standardization  among  these  particular 
engines,  but  the  fact  that  standardization  with  any  particular  series  of 
these  engines  and  the  remaining  227  engines  is  an  impossibility. 
While  it  is  possible  and  probably  true  that  in  such  parts  as  Driving 
boxes,  Shoes,  Wedges,  Grate  Bars  and  Tenders  complete,  inter- 
changeability  as  between  compound  and  some  of  the  simple  engines 
may  be  possible,  such  parts,  however,  as  Valves,  Valve  Stems  and 
Yokes,  Pistons,  Piston  Rods,  Steam  Chests  and  Covers,  Cylinder 
heads,  Main  and  side  rods,  Crank  pins,  Rocker  arms,  Brasses  and 
many  other  parts  which  should  be  common  standard  to  all  modern 
engines  will  not  interchange  and  the  small  percentage  of  engines  that 
will  admit  standardization  renders  it  practically  impossible  to  estab- 
lish any  standard  at  all.  This  condition  on  a  road  of  some  consider- 
able size  may  be  generally  similar  to  the  author's  observations.  This, 
however,  is  not  the  rule,  and  does  not  represent  accepted  practice  on 
well  managed  railways,  as  will  be  shown  by  the  directly  opposite 
conditions  reviewed  in  the  next  following  example. 

DETAILS   OF   STANDARDIZATION 

No.  2.  As  an  illustration  of  what  may  be  done  in  the  way  of 
standardization  of  equipment,  reference  is  here  made  to  the  Harri- 
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man  Lines,  on  which  the  work  of  evolving  common  standards  from 
the  various  kinds,  types  and  sizes  of  both  locomotives  and  cars  have 
resulted  in  minimizing  the  number,  variety  and  quantity  of  material 
on  hand  to  the  lowest  possible  number,  or  quantity.  The  units  or 
classes  being  designated  as  "Common  Standards  of  the  Associated 
Lines." 

Prior  to  taking  up  this  work  the  various  lines,  which  are  embodied 
in,  or  form  a  part  of,  the  present  system  of  about  eighteen-thousand 
(18,000)  miles  of  railway,  had  been  under  separate  management, 
and  in  the  design  and  construction  of  both  motive  power  and  equip- 
ment, there  was  not  only  a  wide  range  of  difference  in  size,  type  and 
general  design  of  engines  and  cars  intended  for  like  service,  in  a  gen- 
erally similar  country,  but  these  were  also  still  further  diversified  by 
the  individual  ideas  of  different  officers  in  charge  of  the  motive  power 
departments  at  different  times.  The  combination  resulting  in  a  mix- 
ture of  both  motive  power  and  equipment,  from  which  it  was  impos- 
sible to  select  any  one  type,  design  or  class  that  was  suitable  or  ac- 
ceptable to  the  other  lines.  It  therefore  followed,  that  the  work  of 
standardization  was  of  no  small  proportions.  This  was  commenced 
in  1902,  and  during  the  next  four  (4)  years  the  heavy  types  of  loco- 
motives for  both  switching*,  freight  and  passenger  service  were  re- 
duced to  five  (5)  different  classes,  as  follows: 

1.  Light   switching. 

2.  Heavy  switching. 

3.  Consolidation. 

4.  Atlantic  and 

5.  Pacific. 

There  was  no  necessity  for  providing  any  light  power,  as  there  was 
an  ample  quantity  on  hand. 

The  following  table  gives  the  dimensions  of  the  engines  in  question, 
above  mentioned : 


Class 

Cylinders 

Driv- 
ing 
Whls. 

Steam 
Pres- 
sure 

Grate 
Area 

Heating 
Surface 

Total 
Weight 

Weighton 
Driving 
Wheels 

19  in.  x26in. 

20  in.  x  26  in. 
22  in.  x  30  in. 
20  in.  x28in 
22  in.  x  28  in. 

Diam. 

Lbs. 

Sq.Ft. 

Sq.  Ft. 

Lbs. 

Lbs. 

Light  Switching 
Heavy        " 
Consolidation.  . 

Atlantic 

Pacific    

51  in. 
57  in. 
57  in. 
81  in. 

77  in. 

175 

180 
200 
200 
200 

30.2 
30.2 
49.5 
49.5 
49.5 

1563.0 
1822.4 
3397.3 
2654.9 
3048.0 

140,000 
160,000 
208,000 
196,000 

222,000 

187,000 
105,000 
141,000 

In  working  out  the  design  of  these  engines,  many  of  the  parts  are 
interchangeable  throughout  over  the  entire  system  of  18,000  miles 
of  railway ;  in  fact  an  engine,  or  a  number  of  engines,  might  be  trans- 
ferred from  the  Omaha  division  of  the  Union  Pacific  R.  R.  to  the 
Los  Angeles  division  of  the  Southern  Pacific  R.  R.,  without  the 
necessity  of  sending  a   dollar's   worth   of  material   from  the   point 
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where  the  engines  were  sent;  neither  would  it  be  necessary  for  the 
motive  power,  or  store  departments  at  Los  Angeles  to  add  any  addi- 
tional stock  or  extra  parts  in  order  to  be  able  to  take  care  of  these 
engines  on  their  arrival,  as  the  parts  which  either  wear  out,  or  fail 
in  service,  are  of  the  same  size  or  dimensions  all  over  the  entire 
system. 

The  interchangeability  of  parts  includes: 

Driving  boxes.  Connecting  rods. 

Driving  brasses.  Cylinders. 

Shoes.  Frames. 

Wedges.  Driving  axles. 

Driving  Wheels.  Engine  trucks. 

Eccentrics  and  straps.  Wheels  and  axles. 

Crank  pins.  Engine  truck  frames. 

Valve  motion  details.  Bumpers  and  pilots. 

Valves  and  Tenders,  their  trucks  and  acces 

Pistons.    •  sories. 

Cross  heads  and  Cabs. 

Guides.  Boilers  and  their  accessories. 

Guide   yokes   and  other   connec-     Cylinders. 

tions.  Guide  bars,  etc.,  etc. 

Of  course,  it  is  not  possible  to  make  each  identical  part  of  a  size 
or  dimension  so  that  it  can  be  used  on  any  other  engine ;  such  articles, 
however,  as  pistons,  with  the  packing  rings  that  are  used  in  connec- 
tion therewith,  can  be,  and  should  be  of  a  uniform  standard  for  all 
engines  with  the  same  size  cylinders.  Piston  rods  should  also  be  inter- 
changeable with  all  engines  of  the  same  stroke  and  cylinder  size; 
driving  wheel  centers  of  the  same  diameter  can  be  made  interchange- 
able, even  though  the  spread  of  cylinders  may  be  different,  by  provid- 
ing an  off-set  in  the  hub  of  the  driving  wheel  centers  so  as  to  allow 
for  the  difference  in  cylinder  spread;  different  patterns  for  wheel 
centres  are  therefore  unnecessary  and  the  expense  of  carrying  extra 
wheel  centers  in  stock  is  entirely  avoided. 

On  the  above  mentioned  lines,  which  embrace,  about  eighteen- 
thousand  (18,000)  miles  of  road,  with  about  two-thousand-four- 
hundred  (2,400)  locomotives,  five  (5)  different  kinds  or  types  are  all 
that  is  necessary  for  the  different  kinds  of  service,  which  includes 
everything  from  the  level  valley  division  to  the  heaviest  mountain 
service  in  America,  and  as  this  includes  two  (2)  different  types  of 
heavy  passenger  engines,  it  is  fair  to  assume  that  one  such  type,  or 
a  total  of  four  (4)  different  types  of  engine  would  be  ample  for  the 
line  in  question,  or  any  of  the  trunk  lines,  where  proper  effort  is  made 
in  the  right  direction  towards  standardization. 

This  I  think  shows  quite  clearly  thorough  standardization  is  not 
only  possible,  but  as  a  matter  of  fact  that  the  question  has  been  com- 
pletely solved,  and  thoroughly  demonstrated. 

Still  later  in  the  paper  the  question  of  repairs  is  mentioned,  and  this 
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was  also  referred  to  by  the  previous  speaker.  I  have  some  data  to 
offer  in  that  connection :  3  cents  per  mile  for  electrical  locomotives, 
as  against  8  to  1 1  cents  per  mile  for  steam  locomotives,  are,  I  believe, 
the  author's  figures. 

I  have  before  me  the  figures  on  the  item  of  repairs  of  three  prom- 
inent railway  companies  running  out  of  Chicago;  (two  of  them  are 
of  the  largest  trunk  lines)  the  costs  for  repairs  last  year  were  as 
follows :  I  will  designate  them  as  A,  B  and  C,  A  442c,  B  3.53  c,  C 
5.64c,  or  an  average  of  4.53c  per  mile.  These  companies  own  and 
operate  the  heaviest  locomotives  running  out  of  this  city.  Going 
a  little  further  into  the  matter  of  expense,  I  have  actual  figures 
covering  tests  between  electric  and  steam  locomotives,  and  I 
shall  quote  from  a  statement  made  by  Mr.  J.  E.  Muhlfeld,  General 
Superintendent  of  Motive  Power  and  Machinery,  Baltimore  &  Ohio 
Railroad,  who  has  had  both  steam  and  electric  locomotives  in  his 
charge  for  several  years.  About  a  year  and  a  half  ago  a  paper  was 
read  before  the  New  York  Central  Railroad  Club  by  a  well  informed 
engineer,  upon  the  use  of  electric  versus  steam  locomotives,  and  in 
the  analysis  of  that  paper  Mr.  Muhlfeld  submitted  a  written  discus- 
sion from  which  I  quote: 

"Where  considerable  expenditures  are  involved,  it  is  the  gen- 
"eral  rule  in  electrical  and  mechanical  work,  to  prepare  estimates 
"showing  the  cost  for  the  construction  of  the  proposed  equip- 
ment, and  to  specify  the  saving  and  benefits  to  be  derived  from 
"the  inauguration  of  its  use,  previous  to  the  authority  for  the 
"work  being  given.  From  several  years  experience  it  has  been 
"found  that  the  anticipated  operating  results  from  new  con- 
struction do  not  always  materialize,  and  it  will  be  interesting 
"to  learn  whether  this  may  not  be  the  outcome,  in  event  some  of 
"the  estimated  figures  that  have  been  given  to  use,  indicating 
"the  improved  efficiency  and  economy  to  be  derived  by  the  sub- 
stitution of  electric  for  steam  locomotives,  are  taken  as  the 
"basis  for  making  such  an  investment. 

"From  present  performances,  electricity,  as  applied  to  loco- 
"motives  for  the  handling  of  traffic  on  steam  lines,  implies  lux- 
"ury,  and  it  will,  no  doubt,  have  to  be  put  through  the  same 
"process  of  liquidation  that  labor  and  material  must  undergo, 
"before  results  comparable  with  past  and  present  steam  loco- 
"motive  performance  will  be  obtainable. 

"Electricity  undoubtedly  has  its  place  on  railroads  for  use  as 
"power  and  lighting  at  shops,  stations  and  terminals ;  for  signal- 
ing and  similar  operations ;  for  city,  suburban  and  inter-urban 
"motor  car  operation,  and  for  tunnel  and  underground  locomo- 
tive service  where  the  use  of  steam  locomotives  may  be  im- 
"practicable,  but  for  the  handling  of  passengers  or  tonnage,  at 
"terminals,  of  for  any  considerable  distance,  the  electric  locomo- 
"tive,  with  the  present  state  of  the  art,  when  compared  with  the 
"steam  locomotive,  is  an  expensive  proposition. 

Vol.  XIV.    N< 


a 


u 


Discussion — Electrification  of  Railways  l'-»:i 

"The  following  comparison  of  shop  charges  for  locomotive 
"classified  and  running  repairs,  made  during  recent  periods 
"covering  -  from  one  and  one-half  to  two  and  one-half  years' 
"performance,  may  be  of  interest. 

"Three  passenger  electric  locomotives,  each  consisting  of  two 
"sections,  with  two  pairs  of  independent  driver-wheels  per  sec- 
tion, total  weight  of  locomotive  320,000  pounds,  tractive  power 
"28,000  pounds,  cost  for  mechanical  and  electrical  repairs  per 
"hundred  miles  actually  run,  appproximately  $19.20. 

"Two  freight  electric  locomotives,  each  consisting  of  two 
"sections,  with  four  pairs  of  independent  driver-wheels  per  sec- 
tion, total  weight  of  locomotive  320,000  pounds,  tractive  power 
"70,000  pounds,  cost  for  mechanical  and  electrical  repairs  per 
"hundred  miles  actually  run,  approximately  $12.70. 

"One  Mallet  articulated  type  of  compound  steam  locomotive, 
composed  of  two  sections,  each  having  three  pairs  of  coupled 
driver-wheels,  total  weight  of  locomotive  350,000  pounds,  trac- 
tive power  in  compound  gear  74,000  pounds,  cost  for  mechan- 
ical   repairs   per   hundred   miles    actually   run,   approximately 

"$5-75: 

"Thirty-five  passenger  steam  locomotives,  Pacific  type,  total 

"weight  of  locomotive,  excluding  tender,  230,000  pounds,  trac- 
tive power  35,000  pounds,  cost  for  mechanical  repairs  per  hun- 
"dred  miles  actually  run,  approximately  $4.35. 

"One  hundred  and  seventy-five  freight  steam  locomotives, 
''Consolidation  type,  total  weight  of  locomotive,  excluding 
"tender,  290,000  pounds,  tractive  power  42,000  pounds,  cost  for 
"mechanical  repairs  per  hundred  miles  actually  run,  approx- 
imately $3.15. 

"The  above  would  make  the  average  cost  for  all  repairs  to 
"these  locomotives,  per  1,000  pounds  of  rated  tractive  power 
"at  ten  miles  per  hour,  about  as  follows : 

Per  100  Miles 
Run 

"Passenger   electric   locomotive 68  cents 

"Freight   electric   locomotive 18  cents 

"Passenger,  steam,  'Pacific' 12}4  cents 

"Freight,  steam,  'Mallet  Compound' 8  cents 

"Freight,   steam,   Consolidation yj4  cents 

"Furthermore,  by  comparing  the  entire  working  expense  of 
"locomotives  of  similar  tractive  power,  which  have  been  operated 
"in  similar  service,  during  a  two  and  one-half  years'  period,  we 
"have  the  cost  per  100  miles  actually  run  of  approximately 
"$84.00  for  the  electric,  and  of  approximately  $41.00  for  the 
"steam  locomotives.  These  figures  are  comparative  for  electric 
"and  steam  locomotives  of  corresponding  ages,  but  do  not  take 
"into  consideration  the  interest,  depreciation,  taxes  or  insurance, 
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"nor  do  they  include  the  expense  incident  to  the  maintenance  of 
"such  equipment  as  feeders,  third-rail,  bonding  wires,  insulation, 
"safely  cut-out  switches  and  auxiliaries,  which  are  required  only 
"in  connection  with  electric  locomotive  operation. 

"The  original  cost  for  the  comparative  locomotives  may  be 
"made  on  the  basis  of  the  total  working  weight,  excluding  the 
"tenders  of  steam  locomotives,  and  the  cost  for  each  when  new 
"built,  would  be  about  as   follows: 

Per  Pound 

"Passenger  electric  locomotives ' 20  cents 

"Freight  electric  locomotives 12  cents 

"Freight,  steam,  Mallet  locomotives 9  cents 

"Passenger,  steam,  Pacific  locomotives 8  cents 

"Freight,  steam,  Consolidation  locomotives 8  cents" 

The  author  refers  to  the  fact  that  some  lessening  in  the  track 
maintenance  may  be  expected,  although  he  does  not  make  any  strong 
claim.  It  occurs  to  me  that  it  might  not  be  out  of  place  to  mention  a 
fact  sometimes  overlooked,  that  the  total  expense  of  track  maintenance 
is  not  entirely  governed  by  the  kind  of  locomotives,  but  that  perhaps 
80  per  cent,  is  due  to  deterioration,  through  the  action  of  the  ele- 
ments, and  about  20  per  cent,  to  its  wear  in  service.  The  reduction 
in  cost  of  track  maintenance  by  the  use  of  electricity  in  place  of 
steam,  would  be  rather  questionable  if  the  number  of  trains  were 
not  materially  reduced,  and,  as  I  take  it,  they  contemplate  increasing 
the  number  of  units,  which  would  shorten  the  life  of  permanent  struc- 
tures rather  than  increase  them. 

The  question  of  freight  terminals  has  been  thoroughly  reviewed  by 
the  previous  speaker,  but  I  will  add  just  one  thought.  There  is  no 
corporation  or  person  who  can  evolve  a  plan  of  operating  freight 
terminals  and  put  it  into  effect  unless  it  reasonably  serves  the  patrons 
of  the  road.  What  is  put  into  effect,  is  what  the  patrons  require  and 
demand,  not  what  the  railroad  officials  might  want  themselves.  We 
are  catering  every  day  more  and  more  to  the  wishes  of  the  people. 
This  is  proper  and  correct  in  many  ways,  particularly  so  in  the  mat- 
ter of  supplying  such  transportation  as  the  patrons  of  the  road  de- 
sire, want  and  pay  for.  Some  years  ago,  when  our  roads  were 
handling  principally  through-traffic,  the  question  of  utilizing  ter- 
minals and  freight  houses  to  better  advantage  was  susceptible  of 
solution  on  some  such  plan  as  the  author  has  in  view,  but  today  it 
would  not  be  within  the  range  of  possibilities. 

In  years  gone  by  the  merchants  came  to  the  city  about  twice  each 
year  to  buy  goods,  but  today  they  come  every  few  weeks,  and  some- 
times oftener,  while  others  use  the  long  distance  telephone,  order 
what  they  want,  and  add  "I  want  these  goods  on  my  counter  tomor- 
row morning."  This  means  that,  regardless  of  the  size  of  the  ship- 
ment, it  must  go  out  that  night,  and  where  there  are  thousands  of 
such  orders  every  day  in  all  the  large  jobbing  centers,  it  is  plain  that 
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any  plan  contemplating  the  maximum  utility  of  a  freight  terminal 
house  or  tracks,  that  in  any  manner  interfered  with  the  prompt 
handling  of  this  class  of  patronage,  would  prove  ruinous  to  any  rail- 
road company,  and  the  kind  of  power  used  for  handling  the  cars  is 
entirely  foreign  to  the  question. 

With  reference  to  the  electrification  of  lines  in  the  vicinity  of  San 
Francisco  (which  has  been  so  ably  reviewed  by  the  previous 
speaker),  I  might  add  some  data. 

The  Oakland  electric  line  referred  to,  is  commonly  called  the  Key 
Route,  and  is  a  well  equipped  road. 

The  Southern  Pacific  Co.  is  considering  the  electrification  of  a 
considerable  portion  of  its  lines  in  the  vicinity  of  San  Francisco. 

The  situation  there  at  present  is  about  as  follows :  Oakland  pier 
is  the  terminal  for  west  bound,  or  trans-continental  trains,  and  also 
a  heavy  suburban  service.  Alameda  pier,  which  is  nearby,  is  also 
a  terminal  for  a  heavy  interurban  travel,  while  the  electric  line  above 
mentioned  does  quite  a  considerable  passenger  business,  taking  its 
passengers  across  the  Bay  from  a  nearby  pier  on  ferry  boats,  the 
same  as  the  Southern  Pacific  Co.  The  Southern  Pacific  Co.  has 
a  normal  ferry  service  every  twenty  minutes  from  Oakland  pier 
direct,  and  also  from  Alameda  pier.  They  run  from  each  of  these 
piers  regularly  three  suburban  trains,  with  one  swing  train,  making 
seven  in  all.  There  are  fifty-six  regular  west-bound  passenger  trains 
bound  for  San  Francisco  which  have  their  terminals  at  these  piers. 

During  "fleet  week"  last  May,  a  very  severe  test  was  given  these 
terminal  transportation  facilities  and  the  results  from  this  test  are 
germane  to  this  subject,  in  that  they  pass  judgment  on  some  of  the 
claims  made  for  electric  transportation  over  steam.  During  the  fif- 
teen days  of  what  was  commonly  called  "fleet  week"  the  Southern 
Pacific  Co.  delivered  1,899,836  passengers  into  San  Francisco,  1,541,- 
616,  being  through  passengers,  and  358,220  local  passengers.  This 
was  at  the  average  rate  of  128,255  passengers  per  day,  or  6,932  per 
hour  for  the  entire  fifteen  day  period,  183/2  hours  per  day. 

On  May  6th,  the  day  the  "fleet"  came  into  the  Bay,  the  Southern 
Pacific  Co.  handled  558  trains,  or  a  train  every  two  (2)  minutes,  and 
178,755  passengers ;  the  passengers  being  handled  at  the  average  rate 
of  10,000  per  hour,  and  during  the  heaviest  movement  about  18,000 
to  20,000  per  hour,  making  an  average  of  about  10,000  per  hour  for 
the  movement  period  of  18^  hours. 

Not  a  delay,  hitch,  or  accident  occurred,  although  much  of  this 
business  was  handled  by  steam  locomotives  built  at  the  Sacramento 
shops  of  the  Southern  Pacific  Co.  thirty  years  ago,  and  commonly 
considered  obsolete. 

The  Key  Route  Electric  Line  made  a  notorious  failure  of  handling 
large  crowds  of  people  on  their  line.  Early  in  the  day  they  had 
several  thousand  passengers  blockaded  on  their  line,  most  of  them  on 
their  pier,  and  it  was  almost  impossible  to  get  them  off  in  either 
direction.     It  was  only  through  the  counsel  of  cool  level  heads  that 
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a  riot  with  probable  loss  of  life  was  avoided.  This  tends  to  show 
that  an  electric  road,  with  all  the  modern  electric  equipment,  does 
not  always  solve  a  transportation  problem  after  all ;  it  not  infre- 
quently comes  down  to  an  operating  question  pure  and  simple  rather 
than  the  kind  of  motive  power  or  equipment. 

In  the  case  of  the  Illinois  Central  R.  R.,  which  seems  to  be  under 
indictment  by  the  public  for  causing  smoke,  it  occurred  to  me  a  long 
time  ago  that  there  were  stronger  grounds  for  filing  complaint  against 
the  owners  of  buildings,  than  against  the  Illinois  Central  R.  R.  As 
the  previous  speaker  said,  the  wind  is  frequently  in  the  west,  and 
then  most  of  the  Illinois  Central  smoke  is  blown  toward  the  lake, 
and  nothing  is  said  about  the  big  roads  that  run  down  through  the 
center  of  the  city,  and  always  add  their  quota  of  smoke,  regardless 
of  wind  or  weather.  So  it  occurs  to  me  that  either  from  the  stand- 
point of  an  engineering  proposition  or  of  civic  pride,  the  lines  have 
been  rather  narrowly  drawn  in  the  author's  paper ;  and  that  in  dealing 
with  this  question  the  citizens  of  Chicago  are  not  as  consistent  as 
they  should  be.  No  citizens  are  more  anxious  to  have  the  very  best 
means  of  transportation  than  the  Illinois  Central  officials,  yet  as  a 
matter  of  fact,  I  am  inclined  to  believe,  that  the  people  interested 
are  not  approaching  the  matter  in  that  spirit  of  co-operation  essential 
to  a  successful  solution. 

The  matter  of  cost  has  also  been  very  ably  handled  by  the  previous 
speaker,  and  I  have  not  made  any  estimate  on  the  cost  of  electrifying 
the  Illinois  Central  terminals,  but  inasmuch  as  the  author  of  the 
paper  does  not  give  details,  I  may  possibly  be  pardoned  for  referring 
to  this  item  in  similar  terms.  My  views  are  that  if  twice  $4,000,000 
were  furnished  at  the  commencement  of  the  work,  that  before  the 
work  approached  completion  the  men  in  charge  would  come  back 
for  another  four  million.  I  do  not  believe  it  can  be  done  for  twice 
four  million  dollars,  neither  do  I  think  electrification  in  the  present 
state  of  the  art  should  be  forced  upon  the  Illinois  Central  R.  R.  alone 
at  any  price.  There  are  many  other  well  known  methods  of  abating 
the  smoke  nuisance  within  easy  reach  of  the  authorities  that  should 
first  be  invoked  against  the  real  offenders. 

*With  respect  to  my  exact  position  in  this  matter,  it  appears  to  not 
be  clearly  understood  by  all,  possibly  I  may  not  have  made  it  suffi- 
ciently clear,  and  in  explanation  will  say,  that  while  I  appreciate  the 
complimentary  reference  to  my  defence  of  the  steam  locomotive,  yet 
I  feel  that  it  needs  no  defence,  as  its  reputation  will  stand  alone 
against  all  comers  without  fear  of  injury  or  loss  of  prestige,  retiring 
with  credit  from  such  special  transportation  fields  as  it  may  have  been 
instrumental  in  building  up,  to  a  condition  that  will  justify  the  use 
of  such  other  kind  of  motive  power  as  has,  by  thorough  practical  test, 
been  found  by  the  railway  officers  in  charge  of  the  properties  to  have 
demonstrated  its  fitness  to  supersede  the  steam  locomotive,  without 

''Additional  matter,  submitted  later  by  letter. 
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in  any  way  jeopardizing  the  interests  of  the  companies'  patrons  or 
impairing  the  capital  account. 

It  is  from  the  above  standpoint,  that  I  have  attempted  to  weigh,  in 
an  unbiased  manner,  the  respective  claims  and  merits  of  steam  versus 
electricity  as  a  means  of  motive  power  for  large  railway  terminals. 

Railway  Companies  are  technically  manufacturers  in  a  double 
sense,  as  they  both  manufacture  and  sell  transportation,  and  in  a  more 
or  less  degree  must  operate  a  manufacturing  plant  to  maintain  or 
build  new  equipment. 

During  my  active  railway  service  it  has  been  incumbent  upon  me 
to  solve  many  problems,  involving  the  design,  construction,  purchase 
and  operation  of  the  most  suitable  means  of  producing  transportation 
for  both  freight  and  passengers,  and  under  a  variety  of  conditions ; 
I  therefore  cannot  consistently  accept  the  single  (and  to  my  mind 
somewhat  restricted)  position  of  advocating  a  certain  kind  of  motive 
power,  without  a  pretty  general  knowledge  of  all,  and  although  it  may 
at  first  sound  strange  to  some,  yet  I  do  not  hesitate  to  say  that  the 
proposed  use  of  electricity  as  a  motive  power  for  large  passenger 
terminals  has  no  stronger. advocate,  or  warmer  friend,  than  myself. 
In  fact,  it  is  my  belief  that  the  principal  terminals  in  most  all  our 
large  cities  will  be  operated  by  electricity  in  the  not  far  distant  future, 
and  in  line  with  this  thought  sometime  ago  I  prepared  a  tentative 
plan  for  an  electric  zone  extending  twenty-four  miles  from  the  center 
of  the  city  of  Chicago. 

I  do  not  believe,  however,  that  any  system  or  plan  has  yet  been 
sufficiently  worked  out  of  the  experimental  field  that  railway  manage- 
ments (who  have  the  ablest  electrical  and  engineering  talent  in  the 
world  at  their  disposal)  would  be  justified  in  adopting  as  a  standard, 
in  lieu  of  steam  power  of  known  reliability,  on  so  large  a  proposition 
as  the  Illinois  Central  terminals,  and  it  is  my  advocacy  of  electricity, 
as  an  ultimate  means  of  suburban  transportation  that  prompts  me  to 
take  the  position  I  have  in  this  matter  at  this  particular  time,  believing 
as  I  do  that  any  definite  steps  taken  by  the  citizens  of  Chicago,  look- 
ing to  the  abatement  of  the  smoke  nuisance  in  our  city,  should  be  di- 
rected toward  all  offenders,  in  proportion  to  their  guilt,  and  the  known 
available  remedies  within  their  reach,  rather  than  adding  to  an  already 
over-wrought  public  sentiment  which  seems  to  be  particularly  un- 
friendly towards  a  certain  corporation,  while  remaining  passive  or 
painfully  silent  with  respect  to  the  responsibility  of  others,  many  of 
whom  are  equally  or  more  guilty. 

Some  figures  have  been  prepared  on  this  subject  showing  the  divi- 
sion of  responsibility  for  the  smoke  nuisance  in  the  city,  to  be  divided 
about  as  follows: 

Steam  locomotives 13% 

Stationary  plants   87% 


Total  100% 
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A  high  degree  of  accuracy  was  not  possible  in  working  up  these 
figures,  as  the  necessary  information  was  not  in  all  cases  to  be  se- 
cured ;  failure  to  furnish  which  was,  however,  about  equally  divided, 
and  it  is  thought  they  represent  a  fair  average,  or  happy  medium  be- 
tween high  and  low,  and  as  there  are  some  twenty-six  railway  lines 
terminating  in  the  city,  it  would  seem  to  me  to  be  more  in  keeping 
with  the  real  facts  to  charge  the  Illinois  Central  R.  R.  Co.  with  caus- 
ing about  one-fifth  (1/5)  (based  on  proportion  of  engines  in  the  city 
limits)  of  13%  of  the  smoke  nuisance,  except  when  the  wind  is  from 
the  west,  during  which  period  they  should  be  partially  if  not  wholly 
excused. 

In  the  matter  of  cost  which  has  already  been  referred  to,  I  wish 
to  make  further  reference  to  what  appears  to  be  a  very  low  estimate, 
namely,  $4,000,000.00.  The  Illinois  Central  R.  R.  Co.  have  in  the  city 
limits  each  day  approximately  196  locomotives,  and  if  these  were  dis- 
placed by  an  equal  number  of  electric  locomotives  at  $30,000.00  each, 
the  cost  would  be  $5,880,000.00,  or  $1,880,000.00  more  for  the  loco- 
motives alone  than  the  author  estimates  the  entire  change  would  cost. 

It  is  more  than  likely  that  these  electric  locomotives  could  be  se- 
cured for  less  than  $30,000.00  each ;  in  case  of  a  change,  however, 
more  electric  locomotives  would  be  required  than  are  now  in  use  of 
the  steam  engines,  this  to  meet  increased  number  of  trains,  and  to 
have  reserve  units  ready  for  extra  use,  to  meet  such  emergencies  as 
fluctuations  of  traffic,  accidents,  etc.,  require,  which  contingencies  can 
now  be  met  by  drawing  power  from  other  districts  of  the  lines,  but 
which  could  not  be  done  after  changing  to  electricity ;  it  may  there- 
fore be  safely  assumed  that  the  value  of  the  additional  number  would 
about  equal,  if  not.  exceed,  any  reduction  in  cost  per  unit. 

Mr.  W.  L.  Abbott,  m.w.s.e.  :  I  think  that  these  gentlemen  who 
have  grown  gray  in  the  steam  railroad  business  are  entitled  to  our 
sympathy.  We  can  readily  appreciate  the  commotions  which  disturb, 
when  some  reform  or  a  newer  system  lays  sacrilegious  hands  on  that 
thing  of  beauty — the  steam  locomotive.  I  have  listened  with  con- 
siderable interest  to  the  statements  which  have  been  made  here  and 
backed  up  by  figures  and  good  arguments  that  electric  railroading  is  a 
thing  unaccomplished  and  not  feasible.  One  might  be  tempted  to 
inquire  in  what  "Sleepy  Hollow"  these  gentlemen  have  slumbered 
during  the  past  twenty  years,  which  have  witnessed  the  development 
of  electric  railroading.  I  venture  to  say  that  within  one  hundred 
miles  of,  and  including  Chicago,  there  is  more  electric  railroading 
done  now  than  there  is  steam  railroading.  The  prohibitive  expense 
which  would  be  entailed  in  changing  from  steam  to  electrical  equip- 
ment has  been  dwelt  upon,  but  no  reference  has  been  made  to  the 
elevated  railroads,  which  changed  their  entire  equipment  in  a  single 
night,  as  it  were,  and  scrapped  a  complete  equipment  of  steam  loco- 
motives. 

The  statement  that  steam  railroad  engineers  would  gladly  adopt  the 
new  form  of  propulsion  if  it  were  considered  to  be  economical,  recalls 
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the  story  of  Cornelius  Vanderbilt,  who  laid  the  foundation  of  his 
great  fortune  in  steam-boating  on  the  Hudson  River,  and  who  looked 
with  unconcern  upon  the  building  of  steam  railroads  along  the  river 
banks.  He  felt  perfectly  confident  that  he  could  hold  his  business 
against  any  such  new  and  untried  means  of  transportation,  and  it 
was  not  until  the  railroad  trains  were  in  actual  operation,  making- 
faster  time  than  his  steam-boats,  and  making  serious  inroads  into  his 
business,  that  he  awoke  to  the  fact  that  there  was  something  after  all 
in  the  possibilities  of  those  wagons  than  ran  on  rails ;  so  one  after- 
noon he  stepped  into  the  office  of  the  railroad  company,  purchased  the 
outfit,  and  thereafter  developed  the  art  of  railroading  to  a  very  high 
point  of  efficiency.  The  conservatism  of  railroad  men  at  the  present 
time  is  such  that  they  have  looked  with  equal  unconcern  upon  the 
construction  of  electric  roads  paralleling  their  own  lines,  even  when 
their  own  rails  were  worked  to  but  a  fraction  of  their  capacity,  and  it 
is  too  early  even  now  to  say  that  they  have  awakened  to  the  realiza- 
tion of  what  this  electric  railway  construction  will  mean  to  them 
within  a  very  short  time. 

I  was  surprised  to  note  in  the  paper  before  us  that  sixteen  different 
roads  in  this  and  other  countries  either  contemplate  electrification  or 
are  already  electrifying  their  terminals,  and  when  we  consider  that 
the  suburban  business  of  Chicago  is  equal  to  that  of  any  city  in  the 
world,  the  conservatism  of  the  steam  roads  centering  here  and  their 
backwardness  in  adopting  this  new  form  of  propulsion  does  not  reflect 
credit  upon  Chicago  in  its  pretense  of  being  one  of  the  most  progres- 
sive cities  in  the  country. 

Mr.  W'm,  B.  Jackson,  m.w.s.e.  :  I  care  to  add  little  to  the  dis- 
cussion, but  will  say  that  certainly  we  all  must  highly  appreciate  hav- 
ing this  matter  presented  from  the  standpoint  of  the  steam  railroad 
men,  and  I  always  feel  that  we  who  have  such  ardent  belief  in  the 
great  possibilities  of  electric  power,  and  who  believe  we  can  perhaps 
see  farther  than  some  others,  do  well  to  hear  the  other  side  of  the 
question.  At  the  last  meeting  we  had  the  question  treated  very  fully 
from  the  electrical  viewpoint,  and  now  we  have  had  it  treated  from 
the  steam  railroad  point  of  view.  I  am  wondering  whether  Mr.  Camp, 
who  has  been  publishing  some  very  interesting  articles  on  both  the 
steam  and  electrical  side  of  the  question,  may  not  be  able  to  give  us 
something  of  the  middle  ground,  so  we  can  all  decide  just  where  the 
question  of  steam  transportation  ends  and  electrical  transportation 
begins. 

Mr  W.  M.  Camp :  The  electrification  of  railway  terminals  is  in- 
deed a  very  important  subject,  and  I  believe  it  is  one  which  ought  to 
be  discussed  more  thoroughly  than  it  has  been.  With  the  citizens  of 
Chicago  just  now  it  is  a  very  live  subject  on  account  of  the  agitation 
against  smoke  from  railroad  locomotives ;  so  it  is  of  intense  local 
interest,  in  addition  to  being  of  very  general  interest  to  engineers  and 
capitalists.  Nevertheless,  I  think  this  agitation  on  the  part  of  the 
non-technical  public  is  driving  the  authorities,  and  to  quite  a  large 
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extent  the  electrical  engineers,  to  hasty  conclusions  as  to  what  the 
possibilities  are  for  electrifying  steam  railroads ;  and  I  am  inclined  to 
think  that  the  author,  also,  is  rather  hasty  in  some  of  his  conclusions 
and  that  some  ground  which  he  takes  is  rather  far  fetched.  I  there- 
fore think  it  is  advisable  for  the  steam  railroad  companies  to  use  a 
great  deal  of  deliberation  in  deciding  upon  the  electrification  of  their 
terminals.  What  a  railroad  management  must  consider  is  whether  the 
additional  investment  for  electrification  is  going  to  pay ;  whether  there 
will  be  enough  decrease  of  expense  in  operation  or  enough  increased 
traffic,  arising  from  whatever  advantages  there  will  be  in  electric 
operation,  to  pay  for  what  it  costs. 

I  agree  with  what  the  author  says  in  the  first  paragraph  of  his  paper 
about  the  need  of  electric  transportation  in  tunnels,  especially  tunnels 
carrying  a  dense  traffic  at  terminals.  For  tunnels  of  moderate  length, 
out  on  main  lines,  there  are  installations  of  fanning  machinery  which 
are  quite  efficient  for  the  purpose  of  clearing  them  of  smoke ;  and 
where  the  passage  of  trains  through  tunnels  so  equipped  is  infrequent 
or  at  more  or  less  irregular  intervals,  this  ventilating  machinery  is 
giving  fairly  satisfactory  service.  For  tunnels  at  terminals  of  cities, 
however,  where  trains  are  liable  to  follow  one  another  at  close  in- 
tervals,'it  would  seem  that  the  blowing  of  sufficient  currents  of  air 
through  the  bore  to  keep  it  clear  of  smoke  is  not  practicable.  I  think, 
too,  it  may  be  taken  as  a  settled  thing  that  in  such  situations  the  steam 
railroads  will  be  compelled  to  electrify  their  terminals,  whether  or  not 
it  is  economical  from  an  operating  standpoint,  and  regardless  of  the 
cost,  as  was  the  case  with  the  New  York  Central  R.  R.  The  principal 
consideration  there,  was  that  they  were  operating  through  a  tunnel 
where  steam  trains  were  following  at  very  close  intervals,  and  the 
presence  of  the  smoke  and  steam  obscured  the  signals,  which  resulted 
in  a  bad  wreck.  That  does  not  lead  to  the  conclusion,  however,  that 
the  electrification  of  all  steam  railroad  terminals  on  the  surface,  in 
large  cities,  will  be  an  economical  and  logical  thing  to  do. 

Now  in  regard  to  this  smoke  question.  As  one  of  the  previous 
speakers  has  said,  I  think  the  steam  locomotives  in  Chicago  are  mak- 
ing only  a  small  part  of  the  smoke.  In  sitting  in  my  office  on  the 
thirteenth  floor  of  the  Manhattan  Building,  while  a  wind  was  blow- 
ing from  the  west,  I  have  often  had  difficulty  in  seeing  the  tower  of 
the  Auditorium  hotel,  on  account  of  smoke.  That  condition  could 
not  be  laid  to  the  Illinois  Central  R.  R.  Have  you  ever  observed  the 
dense  clouds  of  smoke  which  come  from  the  chimneys  of  the  Illinois 
Steel  Works?  and  have  you  heard  any  complaint  about  that?  Do  we 
hear  of  any  steps  being  taken  to  eliminate  the  smoke  at  the  Stock 
Yards  ?  Now  from  either  one  of  these  sources  one  may  see,  almost 
any  day,  a  cloud  of  smoke  from  one-half  mile  to  one  mile  in  width 
and  several  miles  long,  floating  over  some  part  of  the  city  and  turning 
about  as  the  wind  listeth.  It  is  no  uncommon  thing,  right  here  in  the 
heart  of  the  city,  to  see  a  larger  column  of  smoke  emerging  from  the 
chimney  of  one  of  the  department  stores  or  one  of  the  large  office 
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buildings  than  you  will  find  coming  from  a  roundhouse  full  of  loco- 
motives. So,  as  Mr.  Symons  has  said,  I  believe  the  agitation  against 
the  Illinois  Central  R.  R.  is  rather  partial,  considering  that  there  are 
five  or  six  other  terminals  right  in  the  heart  of  the  city.  We  have 
heard  no  agitation  whatever  about  them.  Of  course,  public  clamor  is 
stirred  up  because  of  some  annoyance  from  smoke;  and  because  the 
railroads  are  making  a  considerable  amount  of  it,  the  manufacturing 
and  other  industrial  or  commercial  plants  that  are  making  ten  times 
as  much,  get  off  on  small  fines  once  or  twice  each  year,  and  we  hear 
no  agitation  calling  for  electrification  of  them.  Why  is  it  not  just 
as  reasonable  to  propose  that  all  power-using  establishments  of  the 
city  install  electric  drive  as  that  the  railroads  should  do  so  ?  There  is 
a  very  large  class  whose  sense  of  proportion  in  regard  to  this  so-called 
"smoke  nuisance"  is  ridiculous  in  the  extreme.  For  sentimental 
reasons  it  has  become  fashionable  in  these  days  to  look  to  the  rail- 
roads as  the  source  of  many  of  our  troubles,  and,  with  the  average 
citizen,  there  is  no  time  for  investigation,  or  even  for  casual  observa- 
tion. 

But  let  me  remind  you  that  every  wide-spread  complaint  about  some 
little  discomfort  to  the  dwellers  in  our  great  commercial  and  manu- 
facturing centers  is  no  good  reason  why  engineers  should  take  sides 
with  undue  haste  on  questions  of  public  utility.  The  inhabitants  of  a 
large  city,  like  Chicago,  as  a  whole,  have  never  lived  contentedly  and 
they  never  will.  When  they  are  not  complaining  about  smoke  it  is 
something  else.  A  large  class  would  do  away  with  our  elevated  rail- 
roads, because  of  the  noise  or  because  they  are  unsightly.  The  time 
of  the  year  will  soon  be  around  when  our  newspapers  will  be  publish- 
ing hysterical  editorials  about  muzzling  the  dogs,  and  some  people 
object  to  cats  at  all  seasons.  Others  are  greatly  annoyed  by  the  play- 
ing of  children.  In  spite  of  our  highly  organized  city  government 
and  correspondingly  high  rate  of  taxation,  the  streets  are  dirty  and 
dusty,  and  frequently  filthy.  Largely  out  of  humanitarian  motives 
the  steam  railroads  have  gone  to  enormous  expense  and  elevated  their 
tracks  above  the  streets,  but  the  recklessly-driven  automobile  remains 
on  the  surface ;  and  still  we  find  no  organized  opposition  to  some  of 
these  real  perils,  or  determined  action  to  have  the  streets  maintained 
in  respectable  condition.  These  things  only  go  to  show  how  miserable 
and  inconsistent  some,  or  all,  of  us  can  be  over  evils  both  imaginary 
and  real ;  and  it  will  always  be  thus.  The  man  who  expects  to  live 
entirely  at  peace  and  in  comfort  must  either  be  a  philosopher  or  else 
get  out  of  the  city.  The  whole  point  of  the  matter  is  whether  the 
smoke  from  locomotives,  by  itself,  is  enough  of  an  evil  and  public 
nuisance  to  justify  enormous  expenditures  for  electrification  of  the 
steam  roads,  unless  thereby  some  compensating  advantage  can  be 
found  for  the  railroads.  I  think  careful  study  along  the  lines  above 
indicated  will  show  that  all  the  alleviation  possible  in  this  direction 
would  be  too  small  in  comparison  with  existing  conditions  which  the 
public  seems  to  have  no  disposition  to  correct. 
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Now  let  us  give  attention  to  the  idea,  which  seems  to  be  entertained 
by  some  of  the  electrical  engineers,  to  the  effect  that  a  change  to 
electrical  operation  of  any  existing  steam  railroad  is  a  very  simple 
problem.    The  author  of  this  paper  says : 

"Indeed  it  may  be  stated  that  electric  locomotives  for  handling 
through  trains  and  electric  equipment  for  suburban  cars  are  as 
thoroughly  standardized  today  for  a  given  type,  as  our  steam 
locomotives." 

With  this  opinion  I  must  beg  leave  to  differ  entirely,  for  I  believe 
that  electric  locomotives  for  any  requirements  of  steam  road  service — 
either  suburban  or  through  traffic — are,  as  yet,  largely  experimental. 
If  the  electrician  thinks  that  he  has  solved  the  problem  as  soon  as  he 
has  applied  motors  that  are  powerful  enough  for  the  contemplated 
locomotive  unit  and  reliable  in  operation,  I  have  only  to  tell  him  that 
the  development  of  a  satisfactory  locomotive  machine  is,  at  that  stage, 
only  begun.  Some  one  will  refer,  of  course,  to  the  example  of  elec- 
trical operation  in  the  Baltimore  &  Ohio  R.  R.  tunnel,  in  Baltimore, 
where  heavy  passenger  and  freight  trains  have  been  handled  suc- 
cessfully since  1895,  but  the  conditions  there  are  special.  These  loco- 
motives haul  the  trains  up  grade,  at  slow  speed,  in  one  direction,  and 
coast  back  in  the  other  direction.  I  do  not  think  the  conditions  there 
can  be  compared  with  any  that  we  have  to  deal  with  in  Chicago. 
Everybody  thinks  he  is  posted  as  to  what  they  have  done  in  New 
York,  but  let  it  be  understood,  with  respect  to  the  electric  locomotives 
of  the  New  York  Central  and  the  New  York,  New  Haven  &  Hartford 
railroads,  that  their  operation  has  not  been  smooth  sailing  from  the 
start,  by  any  means. 

Before  a  decision  was  reached  as  to  what  type  would  be  used  on  the 
New  York  Central  R.  R.  an  experimental  track  was  built  at  Schenec- 
tady. They  constructed  a  locomotive  on  lines  of  the  design  which  is  in 
service  there  now,  and  began  to  run  it.  As  soon  as  they  began  to  get 
the  locomotive  up  to  speed  they  found  it  hard  running  on  the  curves. 
It  was  "nosing"  too  much — swinging  from  side  to  side ;  and  they  had 
to  stiffen  up  the  lateral  springs,  to  hold  the  locomotive  steady  on  the 
pilot  truck.  About  six  months  after  putting  the  locomotives  into 
service,  they  had  two  of  them  coupled  as  a  double-header  out  of  the 
Grand  Central  Station  and  a  bad  wreck  resulted.  Right  away  some- 
body said  it  was  on  account  of  bad  track.  The  general  manager  was 
arrested  on  the  charge  of  permitting  high  speed  to  be  made  on  unsafe 
track,  but  he  was  acquitted,  for  it  was  found  that  the  track  was  well 
constructed  in  every  detail.  The  Pennsylvania  R.  R.,  since  that  time, 
has  been  trying  something  different  from  the  New  York  Central 
design ;  so  I  think  the  question  of  the  type  of  electric  locomotive  is 
experimental  so  far  as  that  road  is  concerned. 

The  New  York,  New  Haven  &  Hartford  R.  R.  has  been  operating 
something  still  different  from  the  other  designs.  They  built  a  loco- 
motive with  two  pairs  of  trucks,  on  the  style  of  a  double-truck  street 
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car,  and  those  locomotives  were  constructed  by  a  manufacturing  con- 
cern which  had  been  in  the  business  a  long  time  and  had  given  a  great 
deal  of  study  to  the  design  of  locomotives.  But  they  got  the  wheel 
base  too  short,  and  soon  after  they  were  put  into  operation  it  was 
found  that  the  nosing  of  those  locomotives  was  so  strong  it  spread  the 
rails.  For  this  reason  these  locomotives  have,  from  that  time  to  this, 
been  under  orders  for  reduced  speed  until  the  trouble  could  be  reme- 
died. This  they  did  by  putting  a  pair  of  idle  wheels  in  the  front  and 
rear,  to  steady  the  running,  which  shows  that  the  locomotives  were 
entirely  experimental,  as  far  as  the  wheel  base  was  concerned. 

It  might  be  expected  that  there  would  be  but  few  electrical  defects, 
but  it  appears  that  from  the  start  they  have  had  trouble  continually, 
and  they  have  had  to  re-design ;  and  in  order  to  defend  myself  I  will 
read  the  list  of  changes  and  modifications  which  have  been  made  in 
those  locomotives,  as  stated  by  Mr.  W.  S.  Murray,  the  electrical  engi- 
neer of  the  road,  in  a  paper  before  the  American  Society  of  Electrical 
Engineers  this  week.    Mr.  Murray  says : 

''There  were  originally  purchased  35  locomotives,  which  was  con- 
sidered an  adequate  number  to  take  care  of  the  passenger  service. 
These  locomotives,  considered  per  se,  were  rated  on  a  half-unit  basis. 
That  is  to  say,  the  half  unit  was  designed  to  handle  about  75  per  cent 
of  our  trains,  the  remaining  25  per  cent  to  be  handled  by  two  units. 
Only  a  short  experience  in  commercial  operation  revealed  two  im- 
portant facts.  The  first  one  was  of  a  very  encouraging  nature,  the 
second,  decidedly  otherwise.  The  first  was  the  proof  that  the  two 
main  parts  of  the  locomotives,  namely,  the  transformer  and  motors, 
had  sufficient  capacity  to  more  than  handle  the  manufacturer's  guar- 
antees ;  the  second  was  the  discovery  that  many  of  the  auxiliary  elec- 
trical and  mechanical  parts  of  the  locomotive  equipment  were  not  of 
equivalent  capacity.  The  strength  of  the  chain  being  measured  always 
by  its  weakest  link,  it  was  seen  immediately,  that  the  locomotives 
would  be  able  to  handle  trailing  loads  in  excess  of  their  guarantees  if 
the  auxiliary  parts  were  made  of  sufficient  capacity  to  furnish  the  nec- 
essary current  for  the  overload  conditions.  It  was  simultaneously  ap- 
parent that  more  locomotives  would  be  required  to  provide  for  an 
increase  of  train  service  and  the  reduction  of  time  schedule,  and  an 
order  was  promptly  placed  for  six  additional  ones.  Before  accepting 
their  design,  however,  a  careful  survey  was  made  of  all  the  component 
parts  of  the  locomotives  at  hand,  in  order  to  determine  the  changes 
necessary  to  be  incorporated  in  the  six  new  engines.  To  accomplish 
this  it  was  found  necessary  to  make  a  number  of  electrical  and  me- 
chanical changes,  the  nature  of  which  is  apparent  in  the  following 
tabulation : 

MECHANICAL  ELECTRICAL 

Air  Reservoir  System,  re-      Ammeters  revised, 
vised.  Battery;  charging  relay  installed. 

Blowers;  commutator  slotted. 
Waste  rear  bearing. 
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MECHANICAL 

Boilers  installed. 

Stack  hood  removed. 
Bell  Rope  installed. 


Blowers,    new    design    in- 
stalled. 


Guide   on   present   damper 

rod. 
Extra  guard  on  shutter. 

Bolster,       reinforced       on 
truck. 

Brakes:         new        release 
spring. 

Cylinder  leads  lengthened. 

Check  nut  on  adjuster. 

Compressor  drip  pans  in- 
stalled. 

Exhaust  pipe  installed. 
Air-cooled  cylinder  head. 

Check-valve      in      whistle 
pipe. 

Gage  on  oil  tank. 


On  steam  line. 


Journal-box  gibbs  revised. 


Quill-plate      washers      in 
stalled. 


ELECTRICAL 

Armature  laminations  ground. 
Bearing  raised  above  center. 
Motor  winding  revised. 

Controller;  bushing  riveted; 
Shoe  and  trolley  switch  installed. 

Circuit-breaker  fused. 
Tank  bolt  secured. 
New  type  installed. 

Compressor;  commutator  slotted. 
Armature  laminations  ground. 
New  governor  installed. 
Bearing  raised  above  center. 

Cut-out  Boxes.     New  drums. 
Fuse  in  alternating  current  heater  circuit. 
New  auxiliary  fuse  box  (wooden). 

Auxiliary  motors  separately  fused. 
Grounding  switch  installed. 

Control  revised. 

Shutter  in  cover. 
Heater  switch  shield  installed. 
Heater  bus-bar  line;  reinsulated. 

Couplers  repaired. 
Headlight;  adjusted  properly. 

Porcelain  switch  installed. 
Motors.     Holders  reinsulated. 

New  cross-connecting  leads. 
Housing,  asbestos  lined. 
Linen  tape  on  commutator  end. 

Side  commutator  covers  perforated. 
Perforated  S.  I.  commutator  covers. 
Field  clamp  bolt  secured. 
Motor-generator,  new  switch. 

Preventive  coils  revised. 

Supporting  frame  revised. 
Direct-current    relay;    connection    to    "— S" 
switch. 

Washer  installed. 
Resistance  insulated. 

Capacity  increased. 

Connected  ahead  of  motor. 
Switch  group;  revised  shunts. 

Revised  studs. 

Revised  arc  shields. 

Copper  reverse  switches. 

One-turn  blowout  coils. 

Air  ports  enlarged. 

Alternating  current  frames  insulated. 

Cylinder  aligning  set  screws. 
Reinforcing  wooden  strip. 
Interlocking  reverse  switches. 
Fitting  alternating  current  switches. 
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MECHANICAL  ELECTRICAL 

Running-board  on  roof.  Group  covers  perforated. 

New  B.  O.  coil  pole  piece  alternating  cur- 
rent. 

Semielliptic      springs;      14  Switch;  block  on  direct  current  case. 

leaf.  Main  switch  connection  modified. 

Safety-valve  on  control  re-  Canopy  switch  handles  insulated. 

sistance.  Shunt  remounted.     Direct  current  ammeter. 

Safety-chain  made  heavier.      Trolleys.     Control  revised   (alternating  cur- 
rent). 
Side  bearing  springs  (alternating  current). 

Torque     rods,     heavy     in-  Insulate  back  cross-rod   (alternating  cur- 

stalled,  rent). 

Shield  for  high  tension  lead   (alternating 

current). 
Spring  shortened  (direct  current). 
Insulator  filled  and  painted. 

Uncoupling  lever  revised.        Temperature  Indicators. 

Pony  wheels  installed.  Third-rail  shoes.     M.  I.  bracket. 

Pin  replaced  by  bolt. 

Jumper  installed. 

Shoe  levers  cut  off. 
Valve  on  oil  line  to  boiler.       Fuse  boxes — refitted. 

Wattmeter  (Auxiliary)  installed. 

I  want  to  say  that,  in  addition  to  existing  designs  of  electric  loco- 
motives for  fast  and  heavy  service  being  experimental,  there  is  yet 
no  decided  standardization  of  transmission.  We  do  not  know  yet 
whether  the  third-rail  method  of  transmission,  or  the  overhead  trans- 
mission, such  as  the  New  York,  New  Haven  &  Hartford  R.  R.  has 
adopted,  is  to  be  the  more  desirable.  On  the  New  York,  New  Haven 
&  Hartford  R.  R.  it  was  found,  for  one  thing,  that  the  hard-drawn 
copper  conductor  began  to  give  out  after  only  a  few  months'  service. 
It  began  to  break  or  kink  at  the  hanger  points  and  so  they  have  had  to 
install  what  they  call  an  auxiliary  conductor.  They  tried  two  kinds : 
one  was  a  very  hard  alloy  and  the  other  a  steel  wire.  The  latter, 
for  various  reasons,  turned  out  to  be  the  more  satisfactory,  and  the 
whole  system  has  now  been  equippped  with  an  auxiliary  steel  wire. 
When  you  come  to  consider  the  third-rail  type  of  transmission,  you 
are  involved  with  great  difficulty  in  providing  for  transmission  in 
networks  of  yard  tracks. 

The  railroad  companies  have  been  to  great  expense  experimenting 
with  the  character  of  the  electric  current.  The  New  York  Central  R. 
R.  uses  continuous  current  and  the  New  York,  New  Haven  &  Hart- 
ford R.  R.  uses  alternating  current.  Although  the  motors  of  the  latter 
system  had  been  thoroughly  tried,  the  conditions  of  operation  were 
better  understood  after  practical  trial,  with  the  result  that  they  had  to 
rewind  all  their  generator  units  at  great  expense,  and  found  that  after 
all,  the  operation  of  trains  interchangeably,  on  either  continuous  or 
single-phase  current,  was  an  experimental  matter.    While  they  have 
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the  cars  operating  with  reasonable  satisfaction  at  the  present  time, 
I  think  it  is  rather  too  early  to  say  that  any  such  system  of  operating 
trains  can  be  considered  a  permanent  thing. 

With  all  the  evidence  which  you  have  from  the  electrical  engineer 
of  the  road,  I  think  it  signifies  that  the  electrical  operation  of  that 
terminal  in  New  York  has  not  been  by  any  means  a  smooth  proposi- 
tion, and  that  many  features  of  design  are  still  experimental.  I  have 
no  doubt  but  that  those  two  roads  will  continue  to  be  operated  by  the 
present  systems  there  installed,  but  I  wish  to  say  emphatically  that  I 
believe  railroad  managements  should  go  very  slow  in  considering 
this  matter,  and  I  think  it  is  important  that  they  should  watch  the 
experiments  that  are  in  progress  in  such  installations  as  they  have  in 
New  York  before  deciding  to  electrify  their  terminals  here. 

Here  is  another  question:  What  are  you  going  to  do  with  the 
freight  terminals?  There  is  no  precedent  as  yet  for  such  work  as 
that ;  no  large  freight  terminal  has  as  yet  been  electrified.  If  the  city 
has  the  power  to  compel  electrification  of  the  passenger  terminals  by 
reason  of  the  so-called  smoke  nuisance,  why  not,  to  be  consistent  and 
practical,  compel  the  electrification  of  the  freight  terminals  also? 
What  would  it  cost  to  electrify  all  the  freight  terminals  in  Chicago? 
That  is  a  question  that  must  be  taken  into  consideration,  but  the 
author  finds  no  difficulty  with  it.  He  would  remove  the  yards  from 
the  city  altogether,  and  handle  all  the  through  freight  in  "common 
transfer  yards"  outside  of  the  city. 

Here  let  me  state  that  just  outside  the  city  of  Chicago  there  has 
been  built  one  of  the  finest  layouts  of  yard  tracks  in  existence,  for  that 
very  purpose ;  and  that  too,  has  been  found  very  much  of  an  experi- 
ment. I  refer  to  the  Stickney  yards,  with  which  no  doubt  many  of 
you  are  familiar.  The  work  is  a  fine  specimen  of  engineering.  There 
are  sixty-six  parallel  tracks,  and  the  hump  yards  are  three  miles  in 
length.  Undoubtedly  it  would  handle  a  large  part,  if  not  all,  of  the 
switching  of  the  through  freight  which  comes  to  the  city.  Still  those 
yards,  which  represent  an  investment  of  several  million  dollars,  have 
lain  there  unused  for  more  than  five  years.  It  is  a  failure  only  from 
the  standpoint  that  the  steam  roads  have  not  found  it  a  feasible  prop- 
osition. Just  why  this  is  so,  let  some  of  the  railroad  managements 
explain.  The  scheme  is  a  beautiful  one,  but  somehow  it  does  not  seem 
to  meet  with  business  success.  I  therefore  question  any  proposal  that 
freight  terminals  can  at  once  be  removed  from  our  cities. 

In  regard  to  rapidity  of  handling  freight  at  local  stations,  which  the 
author  proposes,  let  it  be  said  that  trains  cannot  be  unloaded  at  a 
freight  shed  any  faster  than  you  can  get  the  freight  away  from  the 
shed.  If  the  streets  are  so  congested  that  the  teams  cannot  get  up  to 
the  freight  house  readily  and  get  away,  you  are  not  going  to  get  the 
freight  away  from  that  station  very  expeditiously. 

In  regard  to  repairs  for  the  electric  locomotive :  The  author  puts 
that  at  3c.  per  mile.  I  want  to  say  that  for  heavy-duty  electric  loco- 
motives (with  the  exception  of  those  on  the  terminal  of  the  B.  &.  O. 
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R.  R.,  and  I  am  not  sure  that  those  locomotives  would  answer  every 
purpose)  we  have  no  figures  on  eleetric  locomotive  maintenance.  I 
believe  there  is  this  which  I  found  from  my  own  experience  in  street 
railway  work,  that  after  an  electric  motor  gets  to  be  about  so  old 
(seven  or  eight  years,  say)  and  has  been  baked  by  the  high  heat  which 
results  from  operation,  there  comes  a  time  when  it  is  cheaper  to  throw 
it  into  the  scrap  pile  than  to  repair  it,  and  there  is  no  reason  why  that 
would  not  apply  to  the  armatures  of  these  heavy-duty  locomotives  as 
well  as  to  those  of  street  cars. 

With  reference  to  another  feature  of  design,  I  think  very  serious 
doubt  may  be  entertained  as  to  whether  an  electric  locomotive,  de- 
signed on  any  of  the  plans  now  in  existence,  with  a  big,  heavy  arma- 
ture on  the  axle,  or  with  the  very  slight  spring  connection,  such  as 
can  be  interposed,  will  not  be  so  severe  on  the  track  as  to  result  in 
heavy  cost  for  repairs.  The  weight  is  mostly  down  between  the 
wheels,  whereas  with  steam  locomotives  the  great  bulk  of  the  weight 
is  on  the  springs,  and  it  is  so  high  above  the  track  that  there  is  a 
chance  for  the  load  to  distribute  itself  over  more  than  one  pair  of  driv- 
ing wheels  before  it  reaches  the  track.  I  have  serious  doubt  as  to 
whether  track  maintenance  will  be  anything  like  as  small  under  elec- 
trical operation  as  under  steam  operation. 

The  author  states  that  if  anything  happens  to  the  electric  locomo- 
tive, it  can  be  repaired  out  on  the  line,  whereas  if  anything  happens 
to  a  steam  locomotive  it  has  to  be  sent  to  headquarters  for  repairs. 
I  do  not  see  how  he  arrives  at  that  conclusion,  nor  does  he  explain 
how  his  electrically  operated  terminals  double  the  capacity.  I  shall 
be  glad  if,  in  his  closure  of  this  discussion,  he  will  give  us  a  little  more 
light  as  to  the  basis  of  these  assertions. 

Closure. 

Mr.  H.  H.  Evans:  Criticism  has  been  made  that  data  is  not  af- 
forded as  to  the  cost  of  maintenance  of  electrical  rolling  stock.  While 
the  working  of  electrical  locomotives  on  a  large  scale  is  somewhat 
recent  and  comparatively  infrequent,  those  in  charge  have  been  glad 
to  publish  such  figures  as  there  are  and  to  let  them  stand  for  com- 
parison against  similar  figures  for  steam  locomotives.  When  we  come 
to  multiple  unit  coach  equipments,  more  complete  data  is  afforded 
from  the  performances  of  the  elevated  railroads  and  of  the  suburban 
and  interurban  equipments  of  the  character  required  for  the  electrical 
operation  of  the  present  steam  suburban  services.  This  is  extremely 
pertinent  because  the  logical  electrical  operation  of  the  suburban  serv- 
ice of  a  steam  railroad  is  by  multiple  unit  equipment  of  the  same  gen- 
eral character  as  that  in  use  by  the  elevated  railroads  and  with  the 
service  operated  in  the  same  general  way.  I  may  point  out  that,  on  two 
of  our  terminals  the  suburban  train  mileage  exceeds  all  other  mileage 
over  the  terminal  combined. 

Taking  the  1907  report  of  the  Illinois  Railroad  and  Warehouse 
Commission,  and  calculating  from  the  total  operating  expenses,  the 
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operating  expenses  per  car  mile,  and  the  amount  of  operating  ex- 
penses charged  to  maintenance  of  equipment,  we  find  the  following 
values  for  maintenance  per  car  mile  on  electric  third-rail  roads : 

Aurora,  Elgin  &  Chicago 1.38  cents  per  car  mile. 

Chicago  &  Oak  Park  Elevated 1 .02  cents  per  car  mile. 

Metropolitan   Elevated 1.55  cents  per  car  mile. 

Nortwestern  Elevated 1.90  cents  per  car  mile. 

South  Side  Elevated 1.41  cents  per  car  mile. 

From  the  Massachusetts  Railroad  Commission  Report,  we  calculate 
for  the  same,  Boston  Elevated  1.84  cents  per  car  mile. 

Mr.  Potter  (''Developments  of  Electric  Traction,"  before  New 
York  Railroad  Club,  January  20,  1905, — ■  quoted  in  Street  Railway 
Journal),  gives  the  maintenance  of  electrical  equipment  on  the  Man- 
hattan Elevated  cars  as  }i  cent  per  car  mile. 

Cserhati  states  that  on  the  Valtellina,  from  July  1,  1903,  to  June  30, 
1904,  the  maintenance  and  repair  of  rolling  stock,  including  electrical 
equipment  and  mechanical  parts,  was  1.38  cents  per  locomotive  mile. 

On  the  Paris-Orleans  line,  the  maintenance  and  repairs  per  train 
mile,  according  to  M.  Dubois  are  2.5  cents  per  train  mile ;  and  on  the 
Paris- Versailles  (largely  multiple-unit  trains)  2.4  cents  per  train  mile. 

On  the  Mersey  road,  according  to  Dawson,  the  repairs  and  re- 
newals of  "wagons  and  carriages"  per  train  mile  were  reduced  from 
3.498  cents  to  2.150  cents  by  changing  from  steam  to  electrical 
working. 

Dawson,  gives  the  cost  of  maintenance  of  electrical  motor  cars  at 
0.961  cent  per  car  mile.  This  is  for  a  two  motor  equipment  (125  H.P. 
motors),  and  represents  the  maintenance  on  the  car  bodies,  trucks, 
airbrakes,  air  compressor  and  governor,  motors,  and  multiple  unit 
controlling  apparatus. 

Based  on  tests,  the  repairs  on  the  New  Haven  electric  locomotives 
is  estimated  by  Mr.  W.  S.  Murray  at  2.5  cents  per  train  mile. 

The  expenses  for  a  New  York  Central  electric  locomotive,  for  in- 
spection and  repairs,  on  a  100,000-mile  test  run,  were  1.26  cents  per 
train  mile. 

The  St  Louis  &  Belleville  Electric  Railway,  in  a  letter  to  the  Gen- 
eral Electric  Company  stated,  regarding  their  electric  locomotives, 
that  for  an  average  working  of  312  days  per  year  hauling  coal  and 
miscellaneous  freight,  averaging  about  ten  hours  per  day,  the  electric- 
locomotive  repairs  (for  the  locomotive  performing  this  work),  were 
a  little  over  $88.00. 

The  International  Railway  Company,  in  a  letter  to  the  General 
Electric  Company,  stated  that  records  covering  the  cost  of  main- 
tenance of  two  electric  locomotives  for  three  years  and  eight  months, 
showed  a  total  of  $1,257.56,  or  an  average  of  $342.96  per  annum. 
This  is  $171.48  per  annum  per  locomotive.  The  letter  states  that  the 
locomotives  make  an  average  of  100  miles  per  day  for  seven  days  in 
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the  week  and  are  out  of  commission  for  repairs  about  five  days  a  year. 
This  figures  less  than  y2  cent  per  locomotive  mile. 

The  unfavorable  comparison  between  the  electric  and  the  steam 
locomotives  of  the  Baltimore  &  Ohio  R.  R.  made  by  Mr.  Muhlfeld, 
has  been  brought  up.  The  comparison  is  hardly  a  fair  one.  The  Bal- 
timore &  Ohio  installation  was  the  first  heavy  electric  locomotive  in- 
stallation in  the  world.  The  machines  could  not  be  other  than  ex- 
perimental. At  the  time  they  were  built,  electrical  design  did  not  run 
to  its  present  day  simplicity  nor  did  it  keep  always  in  sight  the  build- 
ing of  machines  in  which  the  maintenance  would  be  kept  to  a  mini- 
mum. To  compare  the  earliest  type  of  electric  locomotive  with  the 
latest  type  of  economical  freight  engine  is  hardly  fair  upon  its  face. 
Further,  these  electrical  locomotives  are  operated  within  tunnels,  on 
a  run  only  3.5  miles  long,  up-grade,  with  seven  curves  in  the  distance, 
and  with  two  intermediate  stops.  The  tunnels  are  foul  with  the  gases 
from  the  locomotives  at  the  heads  of  the  trains,  the  corrosive  action 
of  which  gases  was  so  severe  that  they  rapidly  deteriorated  the  over- 
head conductor  at  first  provided  and  compelled  the  substitution  of  a 
third  rail  therefor.  What  must  their  effect  be  upon  the  repair  bills  of 
the  electric  locomotive  ?  The  service  is  really  switching  service  under 
severe  conditions  and  is  not  at  all  comparable  to  the  service  of  a  care- 
fully groomed  engine  over  an  entire  division  with  hardly  a  stop. 
Furthermore  there  are  only  half  a  dozen  electric  locomotives  at  Balti- 
more for  which  a  separate  maintenance  plant  was  provided.  These 
locomotives  are  not  all  of  the  same  type.  The  cost  per  locomotive  to 
maintain  such  a  plant  in  operation,  is  necessarily  much  beyond  the  cost 
per  locomotive  to  maintain  the  large  plants  for  steam  locomotives  at 
the  end  of  divisions.  This  is  independent,  in  a  degree,  of  whatever 
class  of  rolling  stock  is  cared  for.  It  comes  nearer  to  a  showing  of 
the  relative  economy  of  maintenance  in  small  and  in  large  plants  than 
the  relative  economy  in  maintenance  of  the  two  classes  of  locomotive. 

When  we  come  to  compare  operating  costs,  the  figures  again,  are 
hardly  on  a  fair  basis.  The  Baltimore  &  Ohio  R.  R.  electric  locomo- 
tives are- operated  on  a  grade  as  steep  as  is  acceptable  for  mountain 
divisions  on  low  grade  freight  roads.  The  electric  locomotive  has  al- 
most a  stop  and  a  full  acceleration  in  each  mile.  The  power  required 
for  such  acceleration  per  train  mile  is  so  far  in  excess  of  that  required 
per  train  mile  to  maintain  movement  over  a  long  run  without  stops, 
that  a  simple  statement  of  the  cost  of  fuel  per  ton  mile  moved  (or  of 
other  expenses  on  a  similar  basis)  is  entirely  misleading.  I  may 
further  add  that  the  cost  of  power  at  Baltimore  is  high  of  necessity. 
Only  one  locomotive  is  worked  at  a  time  and  the  load  is  a  succession 
of  blanks  and  peaks.  The  power  house  is  antiquated  and  the  storage 
battery  run  down.  A  part  of  the  engines  are  high  speed  engines  and 
they  operate  upon  atmospheric  exhaust.  Further,  since  Mr.  Muhlfeld 
prepared  his  paper  I  have  been  assured,  upon  a  visit  to  Baltimore, 
that  economies  have  been  effected  both  in  operation  and  maintenance 
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by  certain  changes  in  the  machinery  and  a  different  system  of  handling 
repairs  to  the  electric  locomotives. 

There  is  advanced  a  criticism  that  electric  motive  equipment  has  not 
been  in  service  long  enough  to  test  its  durability.  The  various  ele- 
vated railroads  have  in  service  equipment  that  was  provided  upon 
their  electrification  ten  to  twelve  years  ago.  The  original  Baltimore 
&  Ohio  R.  R.  locomotives  (built  1895)  are  still  in  service.  The  first 
electric  locomotive  built  by  the  General  Electric  Company  (in  1894), 
I  understand  is  still  in  service  by  the  Fonda,  Johnstown  &  Glovers- 
ville  Railroad,  the  successors  to  the  Cayadutta  Electric  Company,  the 
original  purchasers.  Except  the  Central  London  locomotives  (scrap- 
ped in  favor  of  motor  coaches  to  reduce  vibration  over  a  tube  road) 
little  heavy  electric  motive  equipment  has  required  to  be  scrapped. 
That  equipment  is  still  good  for  service  after  twelve  to  fourteen  years 
use,  is  reassuring  as  to  its  durability. 

I  wish  to  say  in  connection  with  the  smoke  nuisance,  that  our  state- 
ments to  the  City  that  the  vegetation  in  Grant  Park  was  killed  by  the 
Illinois  Central  smoke  were  made  only  after  communication  with  the 
South  Park  Commission  by  whom  we  were  informed  that  it  was  next 
to  impossible  to  make  trees  and  shrubbery  live  in  Grant  Park  near  the 
railroad  and  that  they  ascribed  it  to  the  smoke  from  passing  trains. 

As  to  property  values  along  the  right  of  way  of  the  Illinois  Central 
road,  my  information  came  from  property  owners  in  the  vicinity  who 
have  both  sold  and  bought  property  in  recent  years.  Most  Chicago 
property  fell  in  value  after  the  World's  Fair  but  the  depreciation  along 
the  Illinois  Central  was  not  followed  by  a  recovery  in  the  same  pro- 
portion that  came  to  the  city  generally.  My  informants  give  as  the 
reason  for  people  moving  out  of  the  territory,  or  for  people  offering 
lower  prices  for  property,  that  the  railroad  smoke  is  objectionable  to 
near  by  dwellers.  Nobody  denies  that  the  Illinois  Central  in  its  early 
days  did  a  great  deal  to  build  up  the  district  .  But  since  then  more 
attractive  means  of  local  transportation  have  developed  and  the  peo- 
ple would  like  to  see  the  suburban  service  maintained  at  a  progres- 
sive standard.  To  ask  why  the  operation  of  steam  train  has  become 
objectionable  to  a  district,  which  some  maintain  was  created  by  those 
trains,  is  to  lose  sight  of  the  fact  that  while  the  trains  of  a  railroad 
may  make  a  community,  their  growth  in  number  may  mar  that  same 
community.  The  trains  supplied  at  first,  afford  a  large  convenience 
which  overshadows  a  small  nuisance.  Later  trains  only  add  a  little 
in  proportion  to  the  convenience  but  they  multiply  the  nuisance. 

In  answer  to  the  criticism  of  my  proposition  for  intensive  work- 
ing of  freight  terminals,  loading  the  freight  into  cars  and  removing 
it  to  outer  yards  as  fast  as  the  wagons  deliver  it,  I  would  like  to  point 
out  that  the  largest  railroad  freight  terminal  in  the  city  of  London, 
in  point  of  freight  handled,  is  so  worked  and  very  successfully.  To 
insure  wagon  delivery  at  the  proper  time  however,  it  became  neces- 
sary for  the  railroad  to  undertake  the  teaming  both  for  collection  and 
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delivery  of  freight.  Private  wagons  are  not  allowed  at  the  terminal 
except  under  certain  conditions. 

I  would  like  to  point  out  that  the  $30,000,000,  given  as  the  cost  of 
the  New  York  Central  electrification  includes  more  than  the  electri- 
fication proper.  Extensive  terminal  changes  were  carried  out  at  the 
same  time.  The  purely  electrical  work  probably  came  to  a  third  of  the 
sum. 

In  conclusion,  the  $4,000,000  estimated  as  the  cost  of  electrifying 
the  Illinois  Central  terminal  (not  including  the  power  house)  is  not 
intended  to  represent  the  highest  cost  at  which  an  equipment  could 
be  provided.  It  is  simply  a  figure  at  which  satisfactory  equipment 
could  be  provided  for  present  needs.  It  makes  no  provision  for  future 
growth  of  traffic,  which  future  growth  should  be  provided  for.  It 
contemplates  many  economies  such  as  the  use  of  an  overhead  trolley 
with  wooden  poles  over  tracks  in  yards  which  are  seldom  in  use,  and 
the  equipping  of  the  present  suburban  coaches  with  motors  instead  of 
supplying  new  motor  cars.  Without  wanton  extravagance  the  ex- 
penditure might  be  trebled  in  the  interests  of  permanent  construc- 
tion, provision  for  future  growth,  and  of  safety.  But  as  present  traffic 
alone  was  considered,  it  was  deemed  best  to  provide  for  present  needs 
alone  in  a  satisfactory  but  economical  manner  and  to  leave  out  all 
speculation  as  to  future  development  with  elaborate  provision  therefor. 
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MANGANESE  STEEL 

W.  S.  Potter,  Paterson,  N.  J. 

Presented  February  IJ,  1909. 

The  subject  of  my  paper  this  evening,  as  you  know,  is  man- 
ganese steel.  During  the  past  four  years  I  have  spent  most  of  my 
time  in  working  this  steel,  and  in  the  four  preceding  years  I  did 
a  great  deal  of  work  on  the  same  metal,  partly  commercial  and  in 
part  experimental. 

There  is  a  growing  appreciation  for  this  metal,  and  I  think  it 
is  time  that  the  engineering  fraternities  should  get  together  as  you 
have  done  tonight,  and  try  to  establish  the  fundamentals  on  the 
subject  of  this  steel,  for,  although  it  has  been  much  talked  about 
it  has  not  been  well  understood. 

Definition : 

Manganese  Steel  usually  means  a  metal  of  the  following  composi- 
tion : 

Manganese  II.       to  13.     % 

Carbon   1.       to     1.20% 

Silicon  0.25  to     0.40% 

Phosphorus    0.06  to    0.1 1  % 

Sulphur   0.02  to    0.06% 

Balance  of  analysis  Iron. 

So  many  variations  in  composition  have  been  tried,  or  have 
been  accidentally  manufactured,  that  this  steel  can  only  be  defined 
correctly  as  a  steel  high  in  manganese.  It  might  be  stated  that  the 
manganese  content  must  lie  between  about  8.%  and  about  35.%. 

The  lower  limit  of  manganese  in  steel  which  would  be  recognized 
as  manganese  steel  is  determined  by  the  fact  that  alloys  having 
between  7^4%  and  5^2%  of  manganese  are  extremely  weak  and 
brittle  and  that  the  characteristic  strength  and  toughness  can  only 
be  given  to  steels  having  more  than  8%  of  manganese. 

The  upper  limit  of  manganese  in  manganese  steel  is  determined 
partially  by  the  cost  of  manganese  metal  which  is  about  50  cents 
per  ton  unit,  when  the  addition  is  made  by  means  of  ferro-manga- 
nese.  Also  the  high  carbon  content  of  ferro-manganese  interferes 
with  the  physical  properties  induced  by  the  manganese.  When 
enough  ferro  is  added  to  make  a  steel  with  manganese  20%,  the 
carbon  begins  once  more  to  dominate  and  a  steel  results  which  is  stiff 
and  brittle  when  cold,  and  unworkable  when  hot. 

In  the  table  below  a  comparison  is  made  between  the  physical 
values  of  six  steels  of  which  three  contain  manganese  11%,  three 
with   manganese    13%,   and   with   each   percentage   of   manganese 
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one  specimen  has  carbon  0.12,  one  has  carbon  1.%,  and  in  one  the 
carbon  is  1.60%. 

C-j  C-2      C-?  D-i  D-2      D-3 

Manganese..    11. %         n.%     11. %  13.%  13.%     13.% 

Carbon 0.12%       1.%       1.60%        0.12%         1.%       1.60% 

C-i  and  D-i  are  not  at  present  commercial  since  they  require  the 
use  of  carbonless  manganese  metal.  C-3  and  D-3,  although  perhaps 
fairly  good  in  a  cast  crusher  jaw,  could  not  be  worked  hot. 

At  present  commercial  manganese  steel  has  a  comparatively  nar- 
row range  of  analysis. 

Steels  containing  manganese  from  9.%  to  n.%  are  very  good  and 
it  may  be  found  in  rails,  for  example,  that  steel  containing  from 
10.%  to  11. %  manganese,  and  with  a  suitable  proportion  of  carbon, 
will  have  higher  elastic  limit  than  steel  containing  over  n.%  of 
manganese. 

With  carbon  low,  manganese  high,  and  water  quenching  from 
about  1000  deg.  Centigrade,  the  elastic  limit  is  low,  and  the  flow 
excessive  for  many  duties. 

Steels  containing  manganese  about  n.%  and  carbon  1.10,  for 
example,  have  a  higher  elastic  limit  than  steel  with  manganese  15.% 
and  carbon  0.80%.  Before  deciding  that  steel  containing  less  than 
n.%  manganese  would  be  most  desirable  for  rolled  rails  it  should 
be  remembered  that  the  peculiar  merit  of  manganese  steel  in  resist- 
ing abraisive  wear  results  from  the  combination  of  strength  and  duc- 
tility. The  most  ductile  steel  which  has  at  the  same  time  a  suffi- 
ciently high  elastic  limit  to  avoid  distortion  in  the  service  for  which 
it  is  intended  will  be  the  best  in  each  case.  Many  mixtures  have  been 
experimented  upon  containing  such  ingredients  as  chromium,  tung- 
sten, molybdinum,  nickel,  copper,  vanadium,  titanium,  aluminum 
and  other  metals.  Some  very  good  results  have  been  obtained  and 
notably  in  cases  of  small  additions  of  chromium  and  vanadium. 
Both  of  these  metals  raise  the  elastic  limit  without  serious  loss  of 
enlongation  or  shock  resistance.  So  that  for  the  present,  at  all 
events,  it  is  safe  to  define  commercial  manganese  steel  as  .a  steel 
containing  about  n.%  manganese,  1.%  carbon,  and  with  or  without 
small  additions  of  chromium. 

Physical  Properties. 

Hardness. — On  the  scleroscope  scale  bessemer  rail  shows  hard- 
ness of  about  30,  Manganese  steel  shows  hardness  of  40  to  50, 
chilled  cast  iron  65  to  75. 

Cold  chisels  of  carbon  steel,  drawn  to  the  blue,  chip  manganese 
steel,  while  cold  chisels  made  of  manganese  steel  do  not  hold  their 
edge  in  chipping  bessemer  rail.  Cold  chisels  made  from  bessemer 
rail,  not  hardened  or  tempered,  chip  bessemer  rail  as  readily  as  a 
chisel  made  of  manganese  steel. 

Manganese  steel  has  usually  been  defined  as  a  very  hard  and 
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tough  metal.  As  demonstrated,  manganese  steel  is  only  moderately 
hard  but  is  rather  very  strong  and  tough.  The  confusion  between 
the  apparent  hardness  and  actual  great  strength  has  arisen  from 
difficulty  experienced  in  drilling  and  machining  this  steel. 

The  supposition  that  manganese  rails  will  cut  or  grind  steel  tired 
or  chilled  iron  wheels  is  entirely  wrong. 

Specific  Gravity. — The  specific  gravity  of  manganese  steel  ingots 
is  nearly  the  same  as  the  result  obtained  by  the  usual  method  of 
determining  specific  gravity  with  chemical  balance  on  a  small  speci- 
men of  cast  steel.  The  rolled  steel  is  slightly  heavier.  I  would 
say  that  the  weight  per  cubic  inch  of  manganese  steel  is  about  two- 
thousandths  of  a  pound  greater  than  the  weight  of  a  cubic  inch 
of  low  carbon  steel. 

Specific  Heat. 

Ranges  from  0.145  at  ordinary  temperatures  to  about  0.20  at 
1200  deg.  C. 

Heat  Conductivity. 

Has  not  been  properly  determined  but  between  ordinary  tempera- 
tures and  600  deg.  C.  appears  to  be  about  one-third  that  of  low 
carbon  steel. 

Magnetic  Properties. 

A  bar  of  manganese  steel  balanced  on  a  knife  edge  remains  in 
balance  when  acted  upon  by  the  field  of  a  very  powerful  electro- 
magnet. An  electro-magnet  which  would  lift  two  tons  of  soft  steel, 
when  laid  upon  a  block  of  manganese  steel  gives  so  small  a  pull 
that  the  hand  recognizes  no  increased  weight  in  lifting  the  magnet. 

A  coil  passing  a  current  and  acting  as  a  solenoid  on  a  bar  of 
manganese  steel  develops  no  magnetic  quality. 

Very  thin  cuttings  of  manganese  steel  are  not  lifted  by  a  strong 
magnet  but  if  these  cuttings  are  hammered  into  very  thin  foil  they 
may  then  be  lifted  by  the  magnet. 

From  these  considerations  it  would  appear  that  this  steel  might  be 
used  to  advantage  about  motors  and  generators,  in  a  crank  shaft, 
for  example. 

Electric  Conductivity. 

Has  been  determined  carefully  on  manganese  steel  rails  in  corn- 
comparison  with  bessemer  rails,  and  the  resistance  of  manganese 
steel  rail  averaged  3.4  times  resistance  of  bessemer  rails.  At  temper- 
atures between  100  deg.  C.  and  about  600  deg.  C.  the  electrical  resis- 
tance remains  nearly  constant.  Tests  are  now  being  conducted  to 
determine  the  value  of  the  steel  in  resistance  grids. 

Strength  as  affected  by  temperature. 

This  steel  melts  at  about  1330  deg.  C.  or  about  190  degress  below 
dead  soft    carbon  steel.    Below  +395  deg.  C.  and  above — 190  deg. 
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C.  the  steel  seems  to  have  nearly  the  same  strength,  toughness,  shock 
resistance  and  hardness  as  at  ordinary  temperature. 

Coefficient  of  Friction. 

A  series  of  tests  were  made  on  the  brake  shoe  testing  machine  of 
the  American  Brake  Shoe  &  Foundry  Co.  to  determine  the  coefficient 
of  friction  between  chill  cast  and  steel  tired  wheels  and  bessemer 
and  manganese  steel  rails.  It  should  be  noted  that  this  method  of 
determining  the  coefficient  of  friction  is  only  indicative  of  the  values 
which  could  be  expected  in  case  a  practical  test  were  made  to  deter- 
mine comparative  tractive  force  with  a  locomotive  resting  upon  man- 
ganese and  bessemer  rails.  It  will  be  seen  from  examination  of 
attached  report  of  tests  that  when  a  total  pressure  between  rail  and 
chilled  iron  wheel  was  3,000  lb.  the  coefficient  of  friction  was  greater 
between  the  bessemer  rail  and  the  wheel  than  between  a  manganese 
steel  rail  and  the  wheel  but  that  in  all  other  cases  the  coefficient  of 
friction  was  much  greater  between  the  wheels  and  the  manganese 
rail  than  between  the  wheels  and  the  bessemer  rail. 

The  rails  tested  were  sections  of  Manganese  and  Bessemer  steel, 
85  lb.  rails,  approximately  12^2  in.  long.  These  sections  were 
curved  to  give  applied  surface  of  the  rail  a  16^  in.  radius,  to  fit  a 
33  in.  carwheel.  The  bottom  of  the  rail  was  turned  up  on  the  ends, 
for  an  endstop,  and  in  the  center  for  a  lug,  as  nearly  an  MCB 
brakeshoe  back  as  possible. 

The  sections  of  rails  were  tested  on  a  brakeshoe  testing  machine 
at  20  M.  P.  H.  and  under  pressures  of  3,000,  4,000,  7,000  lbs.,  on 
both  a  chilled  and  a  steel  tired  wheel,  the  latter  being  a  bald  wheel. 
Both  wheels  were  33  in.  diameter. 

The  rails  were  given  three  applications  at  each  load  on  each  wheel, 
and  the  averages  of  these  three  tests  were  taken. 

The  rails  became  slightly  warm  during  each  test  but  were  cooled 
after  each  application. 

The  description  of  the  brakeshoe  testing  machine  is  as  follows : 

Mounted  on  a  single  shaft,  approximately  13  ft.  long,  is  the  arm- 
ature of  a  75  H.  P.  variable  speed  A.  C.  induction  motor,  a  steel- 
tired  fly-wheel  and  a  carwheel  (which  may  be  changed  at  will),  the 
whole  weighing  about  one-eigth  of  a  standard  eight  wheel  passenger 
coach.  Over  the  car  wheel  is  mounted  a  pivoted  breakhead,  secured 
by  uprights  and  fastened  to  a  dynamometer  by  two  pull  rods.  When 
a  brakeshoe  is  inserted  in  this  head,  the  wheel  brought  up  to  the 
desired  speed,  and  the  shoe  applied  under  a  pressure  through  a 
series  of  levers,  all  the  pull  of  the  shoe  on  the  wheel  in  stopping 
it,  is  transmitted  through  these  rods,  to  a  calibrated  spring 
which  in  turn  displaces  a  recording  pencil,  every  inch  displace- 
ment of  which  indicates  a  thousand  pounds  pull  on  the  wheel  by  the 
shoe.  The  time  of  the  stop  is  recorded  by  an  electric  clock  and  mag- 
net and  the  length  of  stop  is  determined  by  the  length  of  the  diagram. 
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This  latter  may  be  checked  by  a  revolution  counter  giving  the  revolu- 
tions of  the  wheel  after  the  shoe  is  applied. 

The  motor  is,  of  course,  shut  off  after  attaining  the  desired  speed 
and  before  applying  the  shoe. 

The  bearings  of  the  machine  are  large  and  well  oiled,  thus  reduc- 
ing outside  friction  to  a  minimum. 

Tests  on  Chilled  Wheel  at  20  M.  P.  H. 

3000  lbs.  Pressure.  Manganese  No.  1         Bessemer  No.  2 

Time  of  stop 27  sec.  21  sec. 

Length  of  stop  412  ft.  340  ft. 

Mean  pull 543  lb.  623  lb. 

Mean  coefficient  of  friction 18.17%  20.73% 

Area  of  rail  in  contact  with  wheel  ...  2,14  sq.  in.  1.42  sq.  in. 

4000  lbs.  Pressure. 

Time  of  stop • 18.5  sec.  17  sec. 

Length  of  stop 273  ft.  272  ft. 

Mean  pull 736  lb.  502  lb. 

Mean  coefficient  of  friction 18.39%  12.06% 

Area  of  rail  in  contact  with  wheel  . . .  4.27  sq.  in.  2.58  sq.  in. 

j 000  lbs.  Pressure. 

Time  of  stop 14  sec.  11  sec. 

Length  of  stop 222  ft.  181   ft. 

Mean  pull 1 128  lb.  822  lb. 

Mean  coefficient  of  friction 16.11%  n.19% 

Area  of  rail  in  contact  with  wheel  . . .  3.35  sq.  in.  2.78  sq.  in. 

Tests  on  Steel  Wheels  at  20  M.  P.  H. 
3000  lbs.  Pressure. 

Time  of  stop 22  sec.  21  sec. 

Length  of  stop 348  ft.  331   ft. 

Mean  pull 736  lb.  448  lb. 

Mean  coefficient  of  friction 24.53%  14.19% 

Area  of  rail  in  contact  with  wheel. ..  4.3     sq.  in.  5.14  sq  in. 

4000  lbs.  Pressure. 

Time  of  stop 17  sec.  15  sec. 

Length  of  stop 265  ft.  245  ft. 

Mean  pull 833  lb.  694  lb. 

Mean  coefficient  of  friction 20.81%  17-36% 

Area  of  rail  in  contact  with  wheel  . . .  6.59  sq.  in.  5.27  sq.  in. 

7000  lbs.  Pressure. 

Time  of  stop 11.5  sec.  10  sec. 

Length  of  stop 190  ft.  170  ft. 

Mean  pull  1206  lb.  1 120  lb. 

Mean  coefficient  of  friction   17.23%  16.     % 

Area  of  rail  in  contact  with  wheel  ...  6.6    sq.  in.  7.51  sq.  in. 
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Tensile  Tests: 

The  early  papers  of  R.  A.  Hadfield  mention  tensile  tests  of  forged 
specimens  of  manganese  steel  showing  tensile  strength  about  150,000 
pounds  per  square  inch,  and  elongations  as  high  as  50%.  The 
values  found  on  the  best  specimens  of  manganese  steel  obtainable 
from  various  sources,  in  an  exhaustive  series  of  tests  conducted  sev- 
eral years  ago,  showed  tensile  strength  of  the  cast  metal  averaging 
about  82,000  lbs.,  elongation  30%,  elastic  limit  45,000  pounds.  The 
rolled  specimens  tested  at  the  same  time  averaged  tensile  strength 
135,000  pounds,  elongation  35%,  elastic  limit  60,000  pounds.  Forged 
specimens  averaged  tensils  strength  142,000  pounds,  elongation  38% 
and  elastic  limit  55,000  pounds. 

Although  considerable  progress  has  been  made  in  the  manufacture 
of  manganese  steel  during  the  last  three  years,  these  values  are 
still  approximately  correct  on  good  speciments  of  cast,  rolled  and 
forged  steel  prepared  by  commercial  methods. 

It  is  well  understood  that  the  great  difficulty  in  preparing  test  bars 
from  rolled  or  cast  shapes  of  manganese  steel  interferes  very  seri- 
ously with  efforts  to  arrive  at  standard  values  on  the  physical 
properties  of  this  metal.  If  the  specimens  are  cut  hot  from  the  cast- 
ings or  the  rolled  shapes  the  effects  of  heat  treatment  and  work  are 
entirely  lost  and  the  physical  properties  will  be  determined  almost 
entirely  by  the  heat  treatment  and  work  applied  to  the  test  bar. 

It  is  out  of  the  question  to  grind  cold  from  rails,  for  example, 
a  sufficient  number  of  test  bars  such  that  the  tests  on  these  bars  will 
properly  represent  in  every  respect  the  rails,  even  from  one  heat  of 
steel.  Conclusions  based  on  the  testing  of  finished  product  is  more 
satisfactory  than  conclusions  reached  by  the  cutting  and  testing  of 
small  bars.  I  therefore  attach  a  printed  copy  of  a  report  made  by 
R.  W.  Hunt  &  Co.,  which  gives  the  results  of  drop  tests  on  twelve 
rails,  which  were  taken  from  twelve  different  heats. 

As  previously  stated  the  elastic  limit  of  manganese  steel  can  be 
raised  considerably  above  the  traditional  values  by  introducing  a 
small  quantity  of  chromium  and  other  elements  and  more  par- 
ticularly by  properly  heating  and  working  the  metal. 

From  tests  and  experiments  made  it  appears  that  tensile  strength 
of  commercially  rolled  manganese  steel  will  generally  lie  between 
135,000  and  140,000  pounds,  elongation  between  30  and  40%,  and 
elastic  limit  will  usually  lie  between  60,000  and  70,000  pounds.  In 
many  instances,  however,  the  steel  of  ordinary  composition  shows  an 
elastic  limit  of  about  75,000  pounds,  and  in  a  few  cases  where  chro- 
mium and  other  elements  have  been  added,  the  elastic  limit  has  been 
as  high  as  85,000  pounds.  Tensile  strength  and  shock  resistance  do 
not  seem  to  be  lowered  by  chromium  when  the  steel  contains  up  to 
about  1%  of  chromium.  The  elongation  is  very  rapidly  lowered 
when  chromium  is  above  about  0.50%,  so  that  when  chromium  is 
above  1%  the  elongation  is  below  20%. 
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Abrasive  Wear  Values. 

The  well  known  high  abrasive  wear  value  of  manganese  steel 
seems  to  depend  upon  its  ability  to  flow  and  endure  repeated  distor- 
tions of  the  wearing  surface  without  surface  fractures,  which  would 
result  in  the  constant  loss  from  the  surface  of  small  pieces. 

A  good  illustration  of  this  property  of  resisting  loss  in  weight  is 
to  pound  a  square  corner  round  and  then  pound  it  or  pean  it  up  to 
a  sharp  square  corner  again  and  repeat  until  metal  on  the  corner 
of  the  rectangular  block  begins  to  give  way. 

Manganese  steel  endures  much  more  of  this  very  severe  treatment 
than  any  other  steel. 

On  account  of  this  property  manganese  steel  resists  abrasive  wear 
which  is  of  the  character  of  heavy  impact  of  hard  substances  better 
than  it  resists  abrasive  wear  which  is  of  the  character  of  sliding 
attrition  of  hard  particles,  or  wear  which  is  like  the  action  of  an 
abrasive  wheel. 

The  screen  or  plate  receiving  ore  or  crushed  stone  from  a  height 
of  several  feet  will  be  worn  out,  if  of  soft  steel,  in  a  time  as  short 
as  i/8oth  the  time  required  to  wear  out  the  manganese  plate.  The 
same  materials  sliding  in  such  a  manner  as  to  avoid  impact  may 
wear  out  the  manganese  plate  in  a  time  only  five  or  six  times  as  long 
as  that  required  to  wear  out  the  carbon  steel. 

Heat  Treatment. 

Upward  of  75  years  ago  men  in  Sheffield,  England,  understood 
that  steel  containing  moderate  additions  of  manganese  had  certain 
properties  which  could  be  described  as  those  of  carbon  steel,  and 
that  steels  containing  a  higher  percentage  than  5%  or  SV^%  were 
very  weak  and  brittle. 

Some  thirty  years  ago  the  Hadfields,  father  and  son,  or  their  asso- 
ciates found,and  the  son  advertised  the  fact  that  castings  and  forgings 
containing  the  higher  percentages  of  manganese,  after  heating  to  a 
high  temperature  and  quenching  in  water,were  very  strong  and  tough 
and  that  the  treated  steel  had  remarkable  resistance  to  abrasive  wear. 
The  proportion  of  manganese  mentioned  as  suitable  for  track  work 
castings,  in  Hadfield's  early  patents  is  11%.  No  heat  treatment  was 
mentioned  in  the  early  papers,  but  later  a  treatment  was  announced 
and  consisted  in  heating  the  casting  at  first  slowly  and  then  rapidly 
to  800  deg.,  900  deg.,  or  1,000  deg.  C,  and  immediately  quenching 
in  water.  No  theory  covering  the  necessity  of  this  reheating  and 
quenching  was  given. 

Manganese  steel  of  ordinary  composition  poured  in  a  layer  about 
%  in.  to  3/2  in.  thick  in  a  chill  mould  will,  when  cold,  bend  double, 
and  has  all  the  usual  toughness  of  reheated  and  quenched  manganese 
steel.  Castings  from  the  same  ladle  of  steel  poured  in  sand  moulds 
have  a  toughness  approximating  the  toughness  of  the  reheated  and 
quenched  metal  in  inverse  proportion  to  the  thickness  of  the  sand  cast 
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section.  For  example  a  sand  cast  section  y2  in.  thick  will  usually 
bend  from  45 °  to  900  before  it  breaks  by  cold  bending.  A  section 
2  in.  thick  usually  breaks  in  cold  bending,  before  it  is  deflected  as 
much  as  200.  The  thinner  section  is  whiter  and  has  smaller  crystals 
than  the  heavy  sand  cast  section,  and  the  chill  cast  section  is  still 
whiter  and  has  still  smaller  crystals  than  the  thin  sand  cast  section. 
The  three  specimens  heated  to  1,000  deg.  C.  and  quenched  in  water 
exhibit  in  each  case  a  very  remarkable  and  practically  equal  degree 
of  toughness.  In  all  these  cases  the  steel  has  practically  the  same 
hardness.  The  chill  cast  specimen  before  reheating  is  the  hardest, 
the  sand  cast  specimens  are  slightly  softer  and  the  reheated  and 
quenched  specimens  are  the  softest.  If  the  specimens  are  now  heated 
to  700  deg.  C,  or  even  a  little  lower  temperature,  held  for,  say  one 
half  hour  at  this  temperature,  and  cooled  slowly  to  ordinary  tem- 
perature and  broken,  they  are  surprisingly  weak,  and  as  a  rule,  bend 
but  slightly  before  breaking.  The  crystals  are  very  large  and  it  is 
obvious  that  no  strong  cementing  materials  are  present  to  bond  the 
crystals.  A  section  3  in.  thick  cooled  slowly  from  the  heat  of  cast- 
ing, and  put  under  a  drop  weight  will  break  about  as  readily  as  an 
equal  thickness  of  a  fair  quality  of  grey  iron  and  will  frequently 
show  crystals  with  a  mirror  surface  as  large  as  1%.  by  1  in.  For 
the  most  part  such  a  section  so  treated  and  broken  will  show  crystals 
about  %  in.  to  ^  in.  on  a  side.  A  specimen  heated  to  above  700  deg. 
C.  and  cooled  slowly  to  below  600  deg.  C,  is  very  weak.  If  this 
specimen  is  reheated  to  700  deg.  C.  and  quenched  in  water  only  a 
slight  increase  in  toughness  is  noted.  The  crystals  are  still  apparently 
as  large  as  ever.  The  bond  between  the  crystals  is  almost  as  weak 
as  before,  and  yet  from  the  other  tests  it  is  clear  that  the  steel  crys- 
talizes  or  re-crystalizes  considerably  below  700  deg.  C. 

Comparing  this  steel  with  a  carbon  steel  it  is  obvious  that  the 
cementing  materials  are  not  taken  into  solution  at  as  low  a  heat  in 
the  manganese  steel  as  in  the  carbon  steel.  In  the  carbon  steel, 
the  size  of  crystals,  strength,  toughness,  etc.,  may  be  re-determined 
any  number  of  times  by  reheating  to  700  deg.  C,  and  cooling, 
and  as  is  well  known,  the  physical  properties  are  governed  by  the 
rate  of  cooling. 

The  manganese  steel  after  being  put  in  a  weak  condition  due  to 
slow  cooling  from  700  deg.  or  above  is  only  put  in  a  condition  of 
maximum  toughness  by  reheating  to  a  much  higher  temperature  and 
then  cooling  rapidly  enough  to  prevent  either  mechanical  or  chemical 
separation. 

A  comparison  of  color  carbon  tests  with  determinations  of  total 
carbon  by  combustion,  shows  that  the  slow  cooled  steel  has  a  much 
smaller  amount  of  carbon  in  the  condition  which  permits  of  the 
determination  of  carbon  by  color  than  the  manganese  steel  which  has 
been  rapidly  cooled. 

The  highest  color  result  is  obtained  from  the  thin  chill  cast  section, 
the  next  highest  from  a  specimen  heated  for  a  short  time  only  and 
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quenched  in  water.  The  lowest  carbon  result  (by  color  test)  is 
found  in  the  specimen  which  has  been  heated  to  a  high  temperature, 
maintained  at  this  temperature  for  some  time  and  cooled  very  slowly. 
The  chill  cast  specimen  showing  by  total  carbon  determination  no 
points  carbon,  by  color  test  may  show  105  to  108  points.  The  speci- 
men annealled  at  a  high  heat  will  give  color  results  ranging  from 
0.60  to  0.95%,  depending  upon  the  time  to  which  the  specimen  was 
exposed  to  the  highest  temperature,  the  rate  of  cooling,  and  the 
percentages  of  manganese  and  silicon. 

As  might  be  anticipated  from  the  general  knowledge  pertaining  to 
the  art  of  "black  heart"  malleable  iron  manufacture,  the  percentage 
of  silicon  plays  a  very  important  part  in  the  decomposition  of  car- 
bides of  iron  and  manganese  in  manganese  steel. 

Manganese  steel  is  readily  burned  when  heated,  and  this  burning 
is  more  difficult  to  avoid  as  the  temperature  is  higher.  For  this  rea- 
son it  is  usual  to  heat  for  quenching  only  to  a  point  sufficiently  high 
to  give  the  characteristic  toughness  in  the  quenched  metal. 

If  castings  or  other  finished  shapes  are  reheated  for  toughening  to 
a  high  temperature  they  are  apt  to  be  very  generally  affected  with 
deep  cracks.  To  avoid  burning  and  cracking  the  reheating  is  gen- 
erally stopped  at  about  1,000  deg.  C. 

Rolling. 

So  far  as  I  am  aware  the  only  Manganese  Steel  rails  rolled  com- 
mercially up  to  the  present  time  have  been  made  according  to  my 
process  and  I  regret  that  I  am  not  at  liberty  at  the  present  time  to 
discuss  the  details  fully.  Certain  interesting  and  important  facts 
however,  have  been  demonstrated,  which  I  may  explain. 

A  very  small  ingot  rolled  with  small  reductions  in  each  pass 
to  a  seven-eighths  inch  square  and  worked  until  at  about  600  deg  C. 
was  cooled  in  the  air  on  an  iron  floor  and  bent  1800  around  a  radius 
of  l/2  inch  without  checking  or  cracking.  The  bar  had  a  maximum 
strength  and  toughness  and  the  color  carbon  test  was  within  two  or 
three  points  of  the  determination  of  carbon  by  combustion. 

A  large  ingot  however  rolled  to  a  section  such  as  the  head  of  a 
rail,  and  finished  at  700  deg.  C.  and  then  cooled  in  the  air,  left  the 
metal  in  a  coarsely  crystalized  weak  and  imperfect  condition.  In 
order  to  make  this  larger  section  of  proper  strength  and  ductility 
it  is  necessary  to  reheat  and  quench  in  water.  This  reheating  will 
inevitably  remove  the  excellence  due  to  work  and  there  will  always 
be  a  doubt  as  to  whether  the  rail  has  not  been  burned  or  cracked 
in  the  reheating  prior  to  the  quenching. 

A  stiff  mill  will  roll  small  sizes  from  a  heat  as  low  as  1000  deg. 
C.  and  a  heavier  mill  would,  of  course,  roll  larger  shapes,  beginning 
with  the  same  temperature. 

Theoretically  a  specially  constructed  and  very  heavy  mill  might 
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roll  a  rail  beginning  at  iooo  deg.  C  and  ending  at  700  deg.  or  above. 
But  before  the  temperature  has  fallen  as  low  as  700  deg.  C.  the  steel  is 
so  stiff  that  only  very  slight  reductions  and  alterations  of  forms  can 
be  executed  in  one  pass  in  the  rolls  of  an  ordinary  mill. 

In  a  rolling  mill  of  the  American  type  where  the  power  and 
strength  of  the  mill  is  at  a  commerical  maximum,  and  the  time  in 
rolling  between  the  soaking  pit  and  the  hot  bed  is  frequently  less 
than  five  minutes,  the  drop  in  temperature  is  usually  about  900  deg. 
F.  or  about  500  deg.  C.  and  it  is  clear  that  in  such  a  mill,  manganese 
steel  ingots  heated  in  an  ordinary  manner  could  not  be  rolled 
beginning  with  a  temperature  of  say  1025  deg.  C.  and  under,  and 
ending  the  work  with  a  temperature  of  the  finished  rail  as  high  as 
700  deg.  C.  If  the  rail  is  finished  too  cold,  as  previously  stated, 
the  work  is  excessive,  and  the  steel  is  very  uncertain  as  to  quality. 
On  the  other  hand,  an  ingot  or  bloom  heated  to  a  high  heat  and 
burned  or  cracked  in  the  heating  will  crush  in  the  rolls  and  no  rail 
will  result. 

If  a  cast  bar,  for  example  a  round  bar  1  in.  in  diameter,  is  heated 
carefully  to  a  red  heat  to  avoid  cracking  due  to  strains,  then  plunged 
in  a  bath  of  melted  grey  iron  or  melted  copper,  then  withdrawn  and 
examined  by  bending,  it  is  found  to  be  very  generally  affected  with 
cracks  which  extend  from  the  skin  to  the  center  of  the  bar.  The 
piece  then  breaks  exhibiting  a  surface  along  the  line  of  one  of  these 
cracks,  and  shows  a  peculiar  collumnar  fracture. 

A  piece  of  cast  manganese  steel  heated  in  an  ordinary  manner  in  a 
heating  furnace  to  a  temperature  much  above  1000  deg.  C,  removed 
from  the  furnace  and  tested  cold,  either  with  or  without  quenching, 
exhibits  these  cracks  and  this  peculiar  fracture.  The  steel  is  easily 
broken  in  heating  to  temperatures  above  1025  deg.  C.  or  thereabouts. 

Exhibits  E  and  E-i  show  first  a  granular  or  nodular  surface,  the 
result  of  crushing  a  large  ingot  of  manganese  steel  in  the  blooming 
mill  at  points  and  along  lines  where  no  cracks  existed,  and  also  a 
collumnar  fracture  which  was  caused  by  improper  heating.  These 
are  failures  which  must  be  avoided  if  manganese  steel  is  to  be  rolled 
and  a  good  reliable  product  made. 

A  rolled  shape  is  finished  at  a  temperature  higher  than  would  be 
the  case  if  a  specimen  of  carbon  steel  were  similarly  heated  and 
worked,  because  the  specific  heat  of  manganese  steel  is  considerably 
higher  than  that  of  carbon  steel  and  its  coefficient  of  conduction  is 
very  much  lower. 

By  my  process  of  rolling  manganese  steel  the  steel  is  ductile  while 
hot,  and  can  be  rolled  commercially ;  the  steel  is  not  injured  either  by 
burning  or  cracking,  and  the  product  is  tough  and  reliable,  has  a 
uniformly  fine  crystalline  structure,  and  a  much  higher  elastic 
limit  than  if  rolled  and  finished  in  any  other  manner  which  I  have 
tried.  This  process  which  at  present  is  used  only  by  the  Manganese 
Steel  Rail  Company  and  is  entirely  my  own  invention. 

April,  1909 


222  Potter — Manganese  Steel 

Specification  for  Rolled  Manganese  Steel  Rails. 

As  specifications  for  manganese  steel  rails  are  likely  to  be  written 
in  the  near  future  I  beg  to  submit  the  following  points  as  suitable 
for  incorporation : 

Rails  from  any  heat  to  withstand  the  standard  drop  test  of  the 
American  Maintenance  of  Way  Association. 

Tensile  Test  Bars. 

Cut  cold  from  head,  web  and  base  of  rail  to  give  tensile  strength 
above  100,000  lb.  Elastic  limit  above  55,000  lb.,  elongation  above 
20%. 

Bending  Test. 

Flat  strips  cut  from  head,  web  or  base  of  rail  to  bend  1800  around 
a  diameter  twice  the  thickness  of  specimen  without  evidence  of 
failure  and  at  temperature  between  ordinary  atmospheric  temper- 
ature and  — 6o°  F.  This  will  insure  the  toughness  which  deter- 
mines wear  value. 

Manufacture. 

Composition  to  be: 

Manganese   10.%  to  13.% 

Carbon 0.95%      to    1.15% 

Silicon   0.20%      to    0.40% 

Phosphorus   under  0.10 

Sulphur   under  0.06 

Ingots  to  be  cast  of  weight  sufficient  to  produce  four  30  ft.  rails 
from  an  ingot  and  in  such  a  manner  as  to  be  free  from  pipes.  Rails 
to  be  rolled  to  finished  size  from  ingots  in  not  to  exceed  three  heats 
including  the  heat  of  casting. 

Rails  not  to  be  reheated  after  rolling. 

Finished  rails  to  meet  standards  of  American  Maintenance  of  Way 
Association  as  to  smoothness,  dimensions  of  section,  etc. 

EXHIBITS. 

Carbon  by 

Combustion  Manganese 

A-i            .                      071%  •   477% 

A-2                                  0.66%  5.40% 

A-3                                  0.85%  .                       6.16% 

Steels  like  A-i  and  A-2  and  containing  manganese  from  4% 
to  a  little  upwards  of  5%,  and  with  carbon  up  to  2%  may  be  rolled, 
but  are  very  stiff  in  rolling.  The  product  is  a  very  stiff  steel  having 
many  of  the  properties  of  an  air  hardened  steel.  The  carbon  here 
dominates  the  physical  properties. 
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Exhibit  A-i 


Specimen  A-3  has  a  comparatively  innocent  looking  fracture,  but 
on  close  examination  it  would  seem  to  have  a  peculiarly  glassy  shine. 
The  manganese  contents  of  this  specimen  is  6.16.  Steels  having 
from  about  6  to  7%  manganese  have  this  peculiarly  glassy  shine, 


Exhibit  A-2 
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Exhibit  A-3 

and  as  a  rule  much  larger  crystals,  and  are  generally  much  weaker 
than  this  specimen,  which  was  broken  by  the  drop  of  a  1,500  lb. 
weight  at  a  height  of  10  inches.     This  specimen  is  an  example  of 


Exhibit  B-i 


the  transition  stage  between  steels  containing  manganese  which  are 
dominated  by  carbon  and  steels  containing  higher  percentages  of 
manganese  which  are  dominated  by  manganese.     The  hardness  is 
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here  in  maximum  and  is  much  greater  than  the  hardness  of  steels 
either  below  5  or  above  8  per  cent  in  manganese. 

B-i  is  an  example  of  steel  containing  manganese  20%  and  carbon 
2%.  It  is  moderately  hard  and  weak,  but  still  strong  as  compared 
with  either  A-i,  A-2  or  A-3,  which  average  about  one-fourth  as 
much  manganese.  The  weakness  which  is  found  in  this  specimen 
B-i  is  clearly  due  to  excess  of  carbon. 

D-i*  Here  is  an  example  of  cast  steel  containing  manganese 
13.25%  ;  carbon  1.82%.  Manganese  is  normal  for  manganese  steel, 
and  the  steel  would  have  been  tough  after  the  treatment  if  the  carbon 
had  been  less,  under  1.30%,  fo'r  example.  The  heat  treatment  was  re- 
peated the  second  time  and  still  the  casting  could  not  be  deflected 
appreciably.  Under  a  drop  weight  before  the  failure  occurred  a 
small  piece  cut  from  this  casting  was  forged  into  the  small  bar 
shown.  Although  the  forging  was  accomplished,  it  could  hardly 
be  said  that  steel  of  this  composition  could  be  forged  or  rolled  com- 
mercially. This  steel  was  brittle  at  550  deg.  C,  and  was  very  weak 
above  1,100  deg.  C.  After  forging,  the  bar  was  quenched  in  water 
and  then  was  bent  as  shown.  If  the  carbon  had  been  1%,  for  ex- 
ample, these  specimens  should  have  bent  180  deg.  and  might  even 
have  been  straightened  out  again  before  it  could  be  broken.  We 
have  here  a  very  nice  point :  Manganese  steel  can  be  forged  after 
the  carbon  has  been  raised  so  high  that  the  steel  is  practically  value- 
less. 


Illustration   1,  shows  a  group  of  rails  bent  cold  vertically  and 


*The  illustration  of  this  specimen  was  not  available  for  reproduction,  as 
with  the  preceding  specimens. 
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laterally  in  a  gag  press  or  under  a  drop  weight  and  a  few  short  sec- 
tions of  rail  which  have  been  bent  under  a  steam  hammer  sidewise 
so  that  the  head  touches  the  base  of  the  rail,  in  all  cases  without 
evidence  of  fracture. 


Illustration  2,  is  a  28  foot  length  of  an  85  lb.  A.  S.  C.  E.  rail 
twisted  cold  in  a  roll  lathe,  four  complete  turns  without  developing 
any  sign  of  failure. 


Illustration  3,  shows  a  rail  broken  under  a  heavy  breaker  ball. 
The  fracture  shows  a  very  even,  fine  crystallization,  and  the  force 
required  to  break  the  rail  was  far  in  excess  of  any  standard  test  on 
rails.    The  last  blow  was  a  forty  foot  drop  of  a  5,600  lb.  weight. 
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Illustration  4,  shows  various  sizes,  blooms,  rounds,  squares  and 
plate  which  have  been  rolled  in  ordinary  mills. 


Illustration  5,  shows  some  twisted  bars  and  several  widths  of 
rolled  plate.  The  smallest  bar  horizontally  in  the  center  of  the  cut 
was  twisted  in  a  lathe  twelve  complete  turns  without  sign  of  rupture. 
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Illustration  6,  is  a  frog  which  has  been  in  service  long  enough 
to  outwear  two  and  one-half  Bessemer  rail  frogs  on  the  same  cross- 
ing. The  wing  rails  and  the  heel  rails  are  rolled  manganese  steel, 
the  point  is  a  manganese  steel  casting.  The  point  is  holding  up 
finely,  but  shows  more  wear  than  the  heaviest  wear  on  the  inner 
rails  opposite  the  point.  There  is  no  sign  of  shelling  off  from  the 
surface  of  either  the  rails  or  the  casting.  There  is  no  flow  on  any 
of  the  bars  to  make  a  burr,  or  even  along  the  edges  of  the  wearing 
surface.  There  is  no  reason  to  doubt  that  this  frog  will  outwear 
twenty  Bessemer  rail  frogs. 


Illustration  7,  shows  the  results  of  the  first  series  of  tests,  to 
determine  comparative  physical  properties  at  low  temperatures  on 
manganese  steel,  1%  soft  carbon  steel  wire  annealed  and  annealed 
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i%  carbon  tool  steel.  The  four  pieces  at  the  left  are  manganese 
steel.  Three  bent  double  without  signs  of  failure.  The  fourth,  bent 
at  —  310  deg.  F.  failed  at  the  angle  shown.  However,  this  piece 
showed  by  its  fracture  that  it  had  been  slightly  burned  on  the  skin 
in  the  open  fire  when  heated  for  forging.  The  three  other  tests 
show  that  the  manganese  steel  is  tough  at  the  temperature  of  liquid 
air,  namly,  —  190  deg.  C,  or  —  310  F.  The  annealed  wire  which 
appears  in  the  second  column  of  bent  specimens  remained  tough  at 

—  150  deg.  F.,  but  broke  at  1800  deflection  and  at  —  240  deg.  F. 
At  —  310  deg.  F.  this  soft  wire  became  very  brittle  and  when  bent 
in  the  V-block  went  into  many  small  pieces,  so  that  the  largest  piece 
that  could  be  found  is  the  piece  shown  at  the  bottom  and  opposite 

—  310  F. 

In  the  third  column,  are  shown  tests  on  the  1%  carbon  steel. 
This  deflected  about  650  at  ordinary  temperatures,  but  at  —  150  deg. 
F.  it  was  about  as  brittle  as  glass.  At  —  240  and  —  310  deg.  F.  it 
broke  into  such  small  pieces  that  nothing  worth  showing  could  be 
found  on  the  floor. 


Illustration  8,  is  a  series  of  bending  tests  on  six  specimens,  each 
cut  from  the  heads  of  rails  and  forged.  The  bars  in  the  left  hand 
column  are  manganese  steel  and  all  bent  1800  without  fracture.  In 
the  second  column  the  bars  are  Bessemer  steel  and  the  third  is  of 
Open  Hearth  steel.  All  the  bars  in  the  second  and  third  columns 
are  broken  through  and  the  two  pieces  brought  together  in  the 
position  of  failure,  showing  the  greatest  angle  of  deflection  that 
could  be  obtained  at  the  several  different  temperatures  ranging  be- 
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tween  +  60  deg.  F.  and  —  60  deg.  F.  These  tests  seem  to  me  suffi- 
cient to  show  that  Bessemer  and  Open  Hearth  rail  steels  are  less 
tough  at  temperatures  below  zero  Fahrenheit  than  at  ordinary- 
temperatures. 

Scleroscope    Determination    of 
Hardness  of   Rolled    Mn.  Steel    Rail. 
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Fig.  9 

Fig  9,  shows  the  hardness  of  manganese  steel  rails  as  found  by 
the  Scleroscope.  The  rail  was  cut  off  by  means  of  a  friction  disk, 
which,  of  course,  heats  the  metal  in  the  neighborhood  of  the  cut  to 
a  slight  depth.  Then  1/16  inch  was  ground  off  from  the  end  of  the 
rail  on  a  wet  stone  and  the  test  made.  The  softest  points  are  at  the 
center  of  the  rail.  The  hardest  points  are  in  the  neighborhood  of 
the  fillet  under  the  head  where  the  work  was  greatest. 

It  is  interesting  to  note  that  the  hardness  found  on  the  entire  sur- 
face of  the  section,  as  made  by  the  friction  disk  was  the  same  as  the 
hardness  at  the  center  of  the  ground  off  end,  namely  41. 


APPENDIX 
Results  of  Drop  Tests. 

Digest  of  report  of  R.  W.  Hunt  &  Co.  on  testing  twelve  specimens  of 
Manganese  Steel  Rail,  made  by  the  Manganese  Steel  Rail  Company,  each 
specimen  being  from  a  different  heat  of  steel. 

"The  tests  were  conducted  on  a  standard  rail  "drop  testing"  machine.  The 
weight  of  the  tup  or  drop  was  2000  lbs.,  the  difference  between  the  supports 
in  the  clear  was  3  ft.,  the  weight  of  the  anvil  and  anvil  blocks  was  over 
20,000  lbs. 

"Tests  A,  B,  C,  D,  E  and  F  constitute  the  regular  tests  which  rails  of  85 
lbs.  section  are  subjected.  The  rail  is  given  only  the  one  blow  which  it  is 
supposed  to  withstand  without  fracture. 
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No. 


of  blows. 

Ht.  of  drop 

in  ft. 

Specimen. 

Deflection  in  inches. 

I 

17 

A 

I   11/16 

I 

19 

B 

2  5/16 

I 

19 

C 

2  5/8 

I 

19 

D 

2  7/16 

I 

19 

E 

2   5/8 

I 

19 

F 

2    I3/16 

In  tests  G,  H  and  I,  the  rail  pieces  were  subjected  to  successive  blows  of 
increasing  height.  The  test  pieces  were  removed  after  each  blow  and  the 
deflection  or  permanent  set  measured.  The  tests  were  continued  until  the  rail 
was  either  so  distorted  that  it  was  impossible  to  set  it  on  the  supports  of  the 
drop  testing  machine  or  until  the  deflection  was  so  great  that  it  was  im- 
practical to  test  further. 


O    to 


J3    O 


do      »  ^  ^ 

£3   K  o 


6  5   'B'O^    g3 


10 
12 


G 
G 
G 
G 
G 


6 .5  w 

5/8 

1  7/16 

2  1/2 

3  5/8 
5  i/4 


Too  badly  distorted  to  test  further. 


I 

4 

H 

5/8 

2 

6 

H 

1  7/16 

3 

8 

H 

2  1/2 

4 

ia 

H 

3  3/4 

5 

12 

H 

5  1/4 

6 

14 

H 

6  3/4 

Tod  great  a  deflection  to  test  further. 


1/8 

3/8 

3/4 

3/i6 

13/16 

1/2 

S/16 

5/i6 

1/2 


Too  great  a  side  sweep  to  test  further. 


Rails  J,  K  and  L  were  subjected  to  the  first  blow  with  the  rail  head  up,  and 
and  to  the  second  blow  with  the  rail  reversed  or  base  up,  etc.,  as  indicated 
in  the  tabulation  given. 


Practically  straight,  flanges  bent. 

Some  side  sweep. 

Practically  straight. 

Too  much  side  sweep  to  test  further. 

Not  quite  straight,  large  side  sweep. 
Too  badly  distorted  to  test  further. 

Considerable  side  sweep. 

Slight  sign  of  flange  tearing. 
Fracture  of  both  flanges  to  web. 
Complete  fracture. 


•4H 

0  5 

-a  0    . 

jj, 

0  a  to 

<U  .5    a) 

O     O 

Z2 

&0    |H     -M 

8  a 

53    a  43 

Q-s.S 

PC  J3   O   3 

1 

19 

J 

2  3/4 

Head. 

2 

19 

J 

0 

Base. 

3 

19 

J 

2  9/16 

Head. 

4 

22 

J 

0 

Base. 

5 

24 

J 

2  9/16 

Head. 

1 

24 

K 

3  5/i6 

Head. 

2 

24 

K 

0 

Base. 

3 

24 

K 

5 

Side. 

1 

24 

L 

2  1/2 

Head. 

2 

24 

L 

0 

Base. 

3 

24 

L 

6 

Side. 

4 

24 

L 

Side. 

5 

24 

L 

Side. 

6 

24 

L 

Side. 
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Discussion. 

President  Allen:  I  want  to  express  the  appreciation  of  the  So- 
ciety for  this  extremely  interesting  paper  from  Mr.  Potter.  I  am 
sure  that  most  of  us  have  learned  something  new  in  regard  to  this 
most  interesting  material.  We  are  familiar  with  the  various  uses 
of  steel ;  we  know  its  persistent  defects  and  the  resulting  accidents 
and  costly  operation  of  our  railroads  and  other  industries.  We  are 
all  interested  in  the  prospect  of  finding  a  solution  of  these  difficulties 
and  in  getting  material  which  will  give  us  reliable  service  in  en- 
gineering structure.  Here  is  a  material  which  gives  indications 
of  being  extremely  adaptable  to  a  variety  of  uses,  and  I  hope  that 
the  discussion  this  evening  will  bring  out  many  points  in  regard  to 
the  uses  to  which  manganese  steel  may  be  put,  also  how  it  will 
respond  to  the  ordinary  processes  of  manufacture,  and  what  are  its 
limitations  when  used  in  engineering  work. 

Mr.  W .  E.  Symons,  m.w.s.e.  :  This  paper  without  doubt  is  a 
very  interesting  one  and  brings  up  for  study  and  thought,  we  might 
say,  almost  an  entirely  new  phase  of  the  steel  industry  with  respect 
to  the  use  of  this  material,  both  in  railway  and  other  engineering 
work.  The  particular  feature  which  is  of  the  greatest  interest  to 
the  membership  of  this  society,  is  in  connection  with  railway  work, 
especially  rails,  switches  and  frogs.  Not  only  the  life  of  the  rail, 
as  measured  from  the  standpoint  of  the  tonnage  moved  in  a  given 
period  is  to  be  considered,  but  particularly  the  wear  of  the  rail-head, 
or  ball  of  the  rail,  from  lateral  thrusts  of  wheel  flanges  when  round- 
ing curves,  also  the  ability  of  this  new  material  to  resist  the  flat- 
tening out  process,  or  the  flowing  of  the  metal  on  the  base  of  the 
rail  due  to  heavy  axle  loads. 

It  is  not  many  years  ago  that  locomotives  with  over  40,000 
pounds  on  each  pair  of  drivers  were  considered  very  heavy  engines. 
As  larger  engines  were  constructed  to  pull  heavier 'trains  and  the 
axle  weights  were  increased  to  42,000,  45,000  and  48,000  pounds, 
motive  power  officers  were  cautioned  about  going  too  far  in  that 
direction,  with  the  admonition  that  to  exceed  50,000  pounds  per 
axle  was  dangerous  to  track,  in  that  the  rails  would  not  stand  such 
excessive  load ;  also  that  the  unfavorable  results  observed  from  the 
use  of  engines  of  such  weights  prompted  a  limitation  to  be  placed 
beyond  which  it  was  not  considered  safe  to  go  without  inviting  in- 
jury to  the  rails. 

Later  on,  however,  the  axle  loads  were  increased  from  50,000  to 
52,000,  53,000  and  even  54,000  and  55,000  pounds  per  axle  has  not 
been  uncommon  for  some  years  past,  while  some  passenger  loco- 
motives have  recently  been  built  with  63,000  pounds  per  axle  which 
is  over  31,000  pounds  per  wheel,  the  diameter  of  the  wheels  sup- 
porting- these  loads  being  68  to  80  inches,  and  such  engines  are  run 
from  60  to  75  miles  per  hour. 

It  would,  therefore,  be  quite  interesting  if  Mr.  Potter  would  in 
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his  closure,  indicate  what  might  reasonably  be  expected  in  the  way 
of  comparative  results  between  manganese  and  Bessemer  steel  rails 
under  the  extreme  load  and  speed  limits  now  being  supported  by  the 
superstructure. 

There  is  another  feature  in  connection  with  axle  loads,  that  is, 
with  respect  to  the  different  kinds  of  locomotives,  steam  and  elec- 
tric. I  assume,  although  I  may  not  be  correct,  that  with  the  elec- 
tric locomotive  and  possibly  with  the  four  cylinder  balance  com- 
pound locomotive,  rails  will  stand  a  higher  load  limit  than  when 
carrying  the  ordinary  locomotive  of  equal  weight,  in  that  there 
would  be  an  absence  of  any  disastrous  effects  from  the  hammer 
blow,  or  the  counter-balance  so  common  in  the  ordinary  type  of 
locomotive. 

In  addition  to  these  features  mentioned  with  respect  to  rail  wear 
and  axle  load,  I  will  ask  if  the  author  will  not  give  some  informa- 
tion in  reference  to  the  character  of  the  material  in  one  of  the  ingots, 
(I  think  it  is  the  one  marked  Exhibit  A-3)  which  has  the  appear- 
ance to  me  of  having  been  poured  or  cooled  under  foundry  condi- 
tions that  resulted  in  the  segregation  of  the  metals  of  certain  fus- 
ing temperatures.  This  action,  I  believe,  is  commonly  referred  to 
by  foundrymen  as  liquation  or  separation  of  the  metals.  The  ap- 
pearance of  the  ingot,  or  the  face  of  the  fracture,  was  that  some 
action  of  this  kind  took  place  in  cooling,  and  it  would  be  interest- 
ing to  know  just  what  was  the  cause  of  the  difference  between  the 
ingot,  or  casting,  referred  to  and  the  others  which  show  an  entirely 
different  condition,  or  character  of  metals. 

Mr.  Potter :  Answering  the  first  question,  I  regret  that  thus  far 
we  have  comparatively  little  data  on  long  service  tests  of  rails.  It 
was  largely  for  this  reason  that  I  declined  to  read  a  paper  on 
manganese  steel  rails.  The  rails  which  have  been  in  test  for  the 
longest  time  are  on  elevated  structure  and  exposed  to  the  action  of 
many  wheels  in  a  day,  but  with  those  wheels  bearing  light  loads. 
The  engineer  reports  that  it  is  entirely  too  early,  the  test  having 
only  continued  for  four  months,  to  make  a  report  on  the  wear  value 
of  these  rails.  The  engineer  says,  however,  that  the  loss  from  the 
crown  of  the  rail  is  in  thousandths  of  an  inch,  and  probably  not 
greater  than  five-thousandths  of  an  inch  and  that  in  that  time,  Bes- 
semer rails  on  the  same  curve,  as  shown  by  the  average  of  several  sets 
of  rails  on  those  curves,  would  average  more  than  four-tenths  of  an 
inch.  So  that  we  have,  at  the  outside,  five-thousandths  of  an  inch 
as  compared  with  four-tenths  of  an  inch  as  the  comparative  wear 
value  of  manganese  steel  and  Bessemer  rails.  That  is  perhaps  much 
too  high  a  ratio  to  anticipate  as  to  results  of  even  light  traffic.  So 
far  it  is  practically  the  comparison  of  something  and  nothing.  No 
conclusion  as  to  rate  of  wear  can  be  drawn  so  far.  Still,  it  can  be 
stated  that  the  wear  will  be  as  high  as  30  to  1  in  elevated  and  sub- 
way traffic  where  the  wheel  loads  are  light  and  the  car  construction 
good. 
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We  have  no  rails  which  have  been  subjected  to  the  action  of 
heavy  locomotives  for  a  long  period.  Some  manganese  rails  have 
been  laid  on  steam  roads  and  exposed  to  the  heaviest  coal  loads  and 
heaviest  types  of  freight  engines.  On  curves  where  the  trains  come 
down  steep  grades  and  strike  those  curves  with  the  maximum  speed 
for  freight  trains  (in  some  instances  45  miles  per  hour),  the  ends 
of  the  rails  show  thus  far  no  flattening.  The  sides  of  the  heads  and 
the  tops  of  the  rails  show  practically  no  wear.  The  best  carbon 
steel  rails  laid  at  the  same  time  have  already  lost  from  the  side  of 
the  head  near  the  upper  fillet  about  3/16  inch,  and  from  the  top  of 
the  rail  about  1/16  inch.  Still,  it  is  much  too  early  to  make  a  com- 
parison. 

On  intersection  work  we  have  had  rails  in  long  enough  to  out- 
wear some  eight  equal  intersections  made  of  Bessemer  rails.  In 
this  connection  two  interesting  facts  were  noted :  First,  the  end 
of  the  manganese  rail  shows  less  flow,  or  peaning,  in  its  long  life 
than  the  Bessemer  rail  in  its  short  life.  The  comparison  was  made 
in  two  years  in  the  one  case  against  two  months  in  the  other.  The 
Bessemer  rail  flowed  at  the  end  about  Y%  inch  in  two  months.  The 
manganese  rail  after  two  years  had  a  flow  of  about  3/16  inch  at  the 
end  of  the  rail.  On  the  side  of  the  head  in  these  intersections  the 
manganese  steel  rail  lost  but  very  little.  During  two  and  one-half 
years  half  as  much  was  lost  from  the  top  of  the  manganese  steel 
rail  as  from  the  Bessemer  rail. 

Manganese  does  not  segregate  in  freezing  steel.  Sample  A-3  is 
not  a  manganese  steel  but  a  carbon  steel  high  in  manganese  and  the 
different  structures  noted  by  Mr.  Symons  in  the  different  portions 
of  the  fracture  are  the  result  of  different  cooling  conditions. 

Mr.  C.  L.  Strobel,  m.w.s.e.  :  I  will  ask  Mr.  Potter  if  he  will  not 
give  us  some  information  as  to  cost?  the  cost  of  the  manganese 
cast  steel  rail  and  the  manganese  rolled  steel  rail.  Also  what  is  to 
be  done  for  the  drilling  of  holes  for  splice  bars,  and  whether  steel  of 
that  kind  can  be  machined  or  is  it  to  be  used  without  machining 
entirely? 

Mr.  Potter :  Some  few  years  ago,  about  the  time  of  the  Spanish 
war,  manganese  steel  was  manufactured  at  about  the  rate  of  100 
tons  per  month  in  this  country.  Now  it  is  undoubtedly  as  much  as 
1,000  tons  per  month,  cast,  forged  and  rolled,  all  together.  Of 
course,  if  manganese  steel  rails  are  to  be  a  success,  the  tonnage  will 
have  to  be  several  thousand  tons  per  month  of  rolled  rails.  It  is 
safe  to  say  that  the  cost  of  rolled  manganese  steel  will  be  much 
less  than  the  cost  of  manganese  steel  castings.  Manganese  steel 
castings  have  cost  the  manufacturer  in  the  neighborhood  of  6c. 
and  sometimes  as  low  as  4^ c.  per  pound.  The  prices  have  been 
arbitrary.  The  prices  on  rolled  steel  rails  are  at  present  arbitrary. 
The  price  is  now  $180.00  per  ton,  but  the  future  will  undoubtedly 
bring  that  price  down  where  it  belongs,  and  so  that  the  rails  can  be 
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used  even  on  straight  main  line  track.    The  price  will  be  determined 
entirely  by  the  tonnage  used. 

With  regard  to  the  machining  of  the  metal,  considerable  progress 
has  been  made.  In  rails  the  holes  for  fishing  can  be  punched  cold 
and  the  injury  to  the  rail  web  is  very  slight.  When  the  web  of  the 
rail  is  punched  every  6  inches  and  the  rail  then  bent  sharply  in  a 
press,  you  can  hear  the  metal  crack  with  a  sharp  snap  in  the  neigh- 
borhood of  the  hole  when  the  deflection  is  great  enough.  This 
shows  that  the  steel  is  not  damaged  by  punching.  The  fish  plate 
holes  can  also  be  drilled  but  the  cost  is  high.  In  1901  an  inch  deep 
in  one  hour  was  considered  good  drilling.  The  best  recent  drilling 
is  an  inch  in  about  ten  minutes.  The  steel  can  also  be  planed,  and 
very  heavy  cuttings  can  be  taken  off  by  heating  the  surface  to  about 
400  degrees  Cent.  Machining  of  any  consequence  will  have  to  be 
done  with  the  best  and  strongest  tool  steels  that  can  be  produced. 

Mr.  E.  H.  Lynde :  In  your  experiments,  what  are  the  compara- 
tive results,  as  far  as  you  have  made  observations,  of  "piping"  in 
connection  with  Manganese,  Open  Hearth  and  Bessemer  steel? 

Mr.  Potter :  The  Bessemer  ingot,  which  is  poured  and  left  with- 
out a  cover,  usually  shows  a  cavity  in  the  top  with  a  light  shell  about 
it.  As  the  car  on  which  the  ingot  rests  is  moved,  the  steel  will  gen- 
erally settle  down  with  the  formation  of  a  second  pocket,  and  there 
is  some  sponginess  below  that  pocket.  As  you  are  undoubtedly 
aware,  considerable  cropping  is  necessary.  Some  open  hearth  steel 
plants  are  putting  covers  over  the  surface  of  the  metal  after  pour- 
ing the  mould  very  full.  This  hot  cover  put  on  the  top  of  the  ingot 
mould  helps  to  reduce  the  action  of  the  piping,  although  the  spongi- 
ness is  greater  in  open  hearth  than  in  Bessemer  steel. 

If  you  have  a  red  hot  brick  cover  the  metal  will  settle  down  with- 
out much  piping,  and  the  total  sponginess  and  piping  together  will 
be  limited.  Manganese  steel  poured  in  an  open  mould,  without  the 
brick  cover,  pipes  very  deep.  It  is  not  a  pipe  caused  by  gases  in 
the  metal.  It  is  due  almost  entirely  to  shrinkage.  The  melting 
point  is  very  low  and  the  steel  is  apt  to  be  very  hot  when  poured. 
The  metal  in  the  center  of  the  ingot  may  be  liquid  for  a  long  time. 
Presently  there  is  a  long  tube  filled  with  liquid  steel.  As  the  metal 
in  this  tube  settles  the  result  will  be  a  deep  pipe  if  no  remedy  is  ap- 
plied. I  have  run  a  rod  of  manganese  steel  down  into  an  ingot  of 
manganese  steel  and  felt  the  shell  of  steel  frozen  over  the  bottom 
plate  at  the  end  of  thirty  minutes.  That  was  only  a  12  in.  square 
ingot,  by  the  way.  As  you  see,  it  is  an  entirely  different  problem 
from  the  casting  of  carbon  steel  ingots.  I  have  never  seen  anything 
that  looked  like  a  blow  hole  of  any  size  in  a  manganese  steel  ingot. 
The  percentage  of  elements  present,  which  are  more  energetic  than 
iron  to  absorb  oxygen,  is  high.  You  have,  say,  12.5%  as  compared 
with  about  1.40%  in  carbon  rail  steel.  The  absence  of  blow  holes 
in  manganese  steel  is  undoubtedly  due  to  this  high  percentage  of 
reducing  agents.    To  avoid  pipes  in  manganese  steel  ingots  a  special 
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method  of  manufacture  is  necessary.     This  can  be  done  by  refilling. 

President  Allen :  Let  me  ask  if  manganese  steel  has  been  used  in 
die  forged  eye  bars  and  in  plates  or  shapes  for  structural  work? 

Mr.  Potter:  Not  to  my  knowledge,  but  it  will  probably  find  its 
way  into  very  high  class  structural  work. 

Mr.  Lynde :  Have  you  made  any  vibration  tests  as  compared 
with  Open  Hearth  or  Bessemer  steel? 

Mr.  Potter:  I  regret  to  say  that  no  alternate  stress  tests  have 
been  made,  but  a  near  approach  to  such  a  test  is  the  commonly  used 
test  of  bending  a  bar  back  and  forth.  Manganese  steel  stands  such 
a  bending  test  very  well. 

Mr.  Charles  K.  Mohler,  m.w.s.e.  :  I  would  ask  if  manganese 
steel  has  been  extensively  tried  or  used  for  gears  or  other  forms  of 
construction  to  take  the  place  of  cast  steel  or  cast  iron?  We  had 
a  paper  recently  on  "Steel  Castings"  and  the  point  was  brought  out 
that  considerable  trouble  had  been  experienced  in  the  matter  of 
getting  satisfactory  castings  for  gears,  and  I  would  like  to  know 
if  you  have  had  any  trouble  in  getting  manganese  steel  castings 
of  that  type?  Does  the  excessive  shrinkage  in  large  or  complicated 
shapes  give  the  same  relative  difficulty  that  is  experienced  with  the 
ordinary  cast  steel? 

Mr.  Potter:  There  are  a  great  many  cast  manganese  steel  gears 
now  in  use  and  more  are  being  used  all  the  time.  They  have  been 
used  in  rolling  mills  and  in  various  classes  of  work  where  the  drive 
is  heavy ;  bevel  gears,  for  example,  from  6  to  8  inches  in  diameter. 
There  are  many  such  gears  in  use  and  they  are  giving  good  results. 

Mr.  Symons :  Has  there  been  any  use  of  manganese  steel  so 
far,  in  a  car  wheel,  a  steel  tire  for  a  car  wheel,  or  locomotive  driv- 
ing wheel?  The  wheels  in  present  use  wear  quite  fast,  particularly 
the  flanges  which  are  affected  much  more  than  the  tread  of  the 
wheel.  Cast  iron  or  chilled  wheels,  in  common  use  under  freight 
equipment,  are,  as  a  rule,  sold  under  a  mileage  guarantee  of  about 
60,000  miles  or  5  year's  service.  In  some  sections  of  the  country 
the  best  results  are  about  30,000  miles  to  the  life  of  a  wheel,  or  only 
about  50%  of  the  guarantee,  and  the  failures  are  largely  due  to 
sharp  flanges,  the  wear  being  greatest,  of  course,  when  rounding 
curves. 

In  locomotive  operation  the  question  of  removing  driving  wheel 
tires  (particularly  on  mountain  roads  where  they  have  become  worn 
sharp  by  rounding  curves),  is  a  serious  one,  from  the  standpoint  of 
expense  incurred  in  doing  the  work,  the  loss  from  the  use  of  the 
engine  while  out  of  service,  and  the  possibility  of  accident  should 
the  work  be  delayed  beyond  a  reasonable  period.  How  to  overcome 
some  of  these  adverse  affects  or  to  minimize  this  difficulty  is  quite 
an  important  question.  It  is  now  common  practice,  in  some  parts 
of  the  mountainous  railway  districts,  to  use  a  lubricator  on  the 
flanges  of  locomotive  driving  wheels ;  in  fact  there  are  several  patent 
lubricating  devices  now  in  use  for  the  sole  purpose  of  extending  the 
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life  of  the  tire,  or  the  flange  of  the  tire,  between  regular  periods  of 
removal  or  shopping  the  engine  for  returning  the  tires. 

The  lubrication  of  the  flanges  thus  described  also  tends  to  in- 
crease the  life  of  the  ball  of  the  rail,  which,  in  the  absence  of  lubrica- 
tion is  ground  away  by  the  lateral  thrust  of  the  wheel  flanges  grind- 
ing against  the  outer  rail  when  rounding  curves.  It  occurred  to  me 
that  possibly  the  use  of  manganese  steel  for  tires  on  locomotives  or 
for  full  size  wheels  under  cars  would  doubtless  increase  their  wear- 
ing qualities  over  that  of  the  present  material  used,  and  it  would 
be  interesting  to  know  if  such  use  has  been  either  tried  or  con- 
templated. 

Mr.  Potter :  Cast  manganese  steel  wheels  have  been  tried  and 
found  to  flatten.  The  elastic  limit  of  the  cast  steel  is  usually  about 
43,000  pounds  while  the  rolled  steel  may  have  an  elastic  limit  above 
70,000  pounds.  Forged  manganese  steel  on  account  of  the  higher 
elastic  limit  might  make  a  wheel  which  would  not  flatten  and  which 
would  be  very  strong  and  durable. 

Mr.  A.  C.  Smith,  m.w.s.e.  :  What  is  the  reason  that  the  outer 
skin  of  manganese  steel  castings  is  softer  and  wears  quicker  than 
the  balance  of  the  metal? 

Mr.  Potter :  After  annealing,  the  steel  is  undoubtedly  decarbon- 
ized somewhat  on  the  skin  and  to  quite  a  depth.  The  combustion 
carbon  determinations  compared  with  color  carbon  tests  show  less 
alteration  of  the  steel  than  on  the  outside  of  a  manganese  steel  cast- 
ing. On  this  account  the  skin  can  usually  be  chipped  quite  easily. 
When  you  get  in  a  little  way  it  does  not  chip  quite  so  easily.  After 
the  surface  of  track  castings  has  been  worn  off  by  the  wheels  the 
balance  of  the  casting  wears  better.  If  the  casting  has  been  burned 
ever  so  little  in  the  reheating  and  quenching  process  the  cast  steel 
wears  very  fast  at  first. 

Mr.  W .  S.  Weston:  I  would  ask  if  the  cast  steel  can  be  reheated 
and  quenched  any  number  of  times? 

Mr.  Potter-.  I  do  not  think  there  is  any  objection  to  several  re- 
heats, if  it  is  done  right.  I  have  tried  it  and  there  was  no  evidence 
of  damage.  If  castings  are  heated  a  little  too  hot  the  carbides  are 
broken  up  unnecessarily  and  the  steel  will  then  be  too  soft,  but 
proper  reheating  does  not  soften  the  steel  very  much. 

Mr.  H.  S.  Bozven,  m.w.s.e.  :  I  would  ask  Mr.  Potter  if  he  has 
had  any  experience  in  welding  manganese  steel  to  other  grades  of 
steel,  under  the  hammer,  and  if  it  would  be  possible  to  get  a  weld 
or  cementation  of  manganese  steel  heated  by  pouring  hot  steel  on 
to  a  manganese  steel  plate  ?  In  other  words,  would  it  be  possible  to 
get  the  wearing  qualities  of  manganese  steel  on  the  outside  sur- 
face of  a  large  casting  or  a  large  forging,  without  having  to  use 
manganese  steel  throughout  the  entire  body? 

Mr.  Potter :  That  is  a  question  which  takes  us  back  to  this  ingot 
nearest  me.     Specimens  A-2  and  A-3  are  metals  which  are  about 
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the  same  as  you  would  get  if  you  could  get  the  manganese  steel  and 
the  carbon  steel  to  flow  or  run  together  on  the  joint  of  such  com- 
posite work  as  you  have  mentioned.  The  result  is  an  utterly  worth- 
less metal.  If  you  could  get  a  flow  between  manganese  steel  plate 
and  carbon  steel  poured  upon  it  so  there  would  be  a  gradation  in 
the  composition  from  one  to  the  other,  you  would  have  an  inter- 
mediate metal  that  would  not  be  safe  as  a  joint  to  hold  the  two 
parts  together.  A  piece  of  manganese  steel  and  a  bar  of  low  carbon 
steel  were  recently  forged  together.  They  appeared  to  be  welded 
and  were  drawn  out  under  the  hammer.  The  forging  and  welding 
was  done  at  a  low  heat ;  950  to  1 ,000  deg.  Cent. ;  the  blows  were 
heavy.  Bent  toward  the  carbon  steel,  the  bar  withstood  a  bend  of 
90°  but  bent  the  other  way  it  opened  on  the  joint  from  end  to  end. 
Manganese  steel  can  be  welded  to  manganese  steel  if  a  proper  flux 
is  used  or  if  the  formation  of  oxides  is  avoided  in  the  heating.  You 
can  pour  manganese  steel  on  manganese  steel  and  get  a  very  good 
weld. 

A  Visitor:  Referring  to  the  non-magnetic  qualities  of  manga- 
nese steel,  there  is  an  electrical  field  for  this  especially  in  high  speed 
machines.  The  only  steel  I  know  of  which  is  now  used  in  this  way 
is  a  very  high  nickel  steel  running  about  50%  nickel.  I  would  like 
to  know  whether  there  is  any  prospect,  in  the  near  future,  of  man- 
ganese steel  becoming  a  competitor  of  this  other  material.  Of 
course  it  means  machining.  The  parts  required  would  be  perhaps  40 
in.  in  diameter,  the  thickness  might  be  2  in.  and  the  length  from  15 
to  20  ins.  Take  for  example  a  ring  40  in.  in  diameter  by  50  in.  in 
length,  0.75  in.  thick ;  is  there  any  prospect  that  manganese  steel 
will  be  used  for  that? 

Mr.  Potter:  Yes.  If  you  would  be  satisfied  with  a  smooth  rolled 
plate  welded  at  its  ends  to  form  a  ring,  I  think  you  could  get  a 
very  good  ring.  Certainly  manganese  steel  is  cheaper  than  50% 
nickel  steel.  You  could  machine  that  ring  with  an  emery  wheel  and 
it  would  still  be  cheaper  than  50%  nickel  steel. 

Mr.  Lynde:  Has  there  been  observed  any  difference  between 
manganese  steel  and  ordinary  Bessemer  steel,  in  regard  to  rusting? 

Mr.  Potter:  There  are  tests  going  on  to  determine  that  but  I 
think  H.  M.  Howe  could  answer  that  question.  There  may  be 
something  in  the  proceedings  of  some  other  society  which  would 
give  that  information.  I  am  told  that  Mr.  Howe  put  bars  of  man- 
ganese steel  in  a  lake  near  the  plant  where  he  made  his  experiments 
and  left  them  there  for  several  years.  As  the  tests  were  never  pub- 
lished I  am  inclined  to  think  that  the  results  were  not  favorable. 
As  we  may  expect  a  very  long  life  from  manganese  rails  we  can 
afford  to  coat  them  with  paint  or  oil  if  that  is  found  necessary. 

A  Visitor :  How  do  you  manage  to  get  drillings  for  samples 
for  analysis?  Also,  what  can  you  tell  us  about  the  comparative 
wearing  property  of  cast  manganese  steel  rails  as  compared  with 
those  that  are  rolled  ? 
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Mr.  Potter:  Answering  the  last  question  first.  The  time  is  too 
short  yet  to  give  proper  comparison  as  to  wear  of  the  rolled  section 
as  against  the  cast  manganese  steel  rail,  but  so  far  as  tests  have 
gone  no  difference  appears.  In  regard  to  the  drilling  of  samples 
for  chemical  analysis,  I  tried  for  a  long  time  to  find  a  tool  steel  that 
would  do  the  work.  Mr.  Clarage,  of  the  Columbia  Tool  Steel  Co., 
saw  my  difficulty  and  showed  me  a  little  case  of  specimens  of  steels 
which  had  been  tempered  right  and  wrong,  and  soon  convinced  me 
that  I  did  not  know  anything  about  the  tempering  of  tool  steels. 
He  gave  me  some  definite  rules  and  I  found  that  if  I  did  not  heat 
the  steel  too  hot,  that  if  I  quenched  it  at  the  right  heat  and  then  did 
not  draw  the  temper  at  all,  it  would  drill  the  manganese  steel.  The 
drill  must  be  immersed  in  water  just  far  enough,  and  of  course, 
must  be  properly  formed  so  that  it  will  be  strong  when  the  temper 
is  not  drawn. 

Mr.  E.  T.  Clarage :  Manganese  is  a  very  peculiar  metal  and 
under  different  conditions  shows  very  contrary  results.  One  of  the 
peculiar  features  about  chemistry  is  that  when  you  mix  two  sub- 
stances belonging  to  widely  separated  groups,  you  can  usually  cal- 
culate what  the  result  will  be,  but  when  you  mix  elements  which 
are  very  closely  related,  in  fact,  belong  to  the  same  family,  the  re- 
sult is  sometimes  much  as  it  is  with  human  nature,  they  may  not 
get  along  very  well  together. 

Steel  makers  have  progressed  possibly  as  much  as  any  other  line 
of  workers.  The  old  way  to  build  a  house  out  in  the  country  was  to 
invite  all  your  friends  and  have  a  raising  bee.  Some  one  would 
say,  "Jim>  where  do  you  want  this  partition?"  and  Jim  would  say, 
"You  better  put  it  about  there."  Nowadays,  the  way  we  build 
houses  is  to  construct  them  first  on  paper  and  everything  is  care- 
fully planned  before  the  work  is  commenced.  It  might  surprise 
anyone  not  actually  in  the  manufacture  of  steel,  to  know  how  much 
steel  making  is  first  done  on  paper  under  our  present  methods. 
Everything  is  carefully  calculated  beforehand  and  generally  we 
know  somewhere  near  what  the  result  will  be,  but  not  always. 

In  practical  demonstrations,  we  sometimes  find  that  some  of  the 
things  which  appear  very  simple,  turn  out  to  be  simply  awful  before 
you  get  through  with  them. 

Mr.  Potter  has  shown  you  the  non-magnetic  properties  of  a  high 
manganese  steel.  Yet  so  contrary  is  this  metal  that  some  manganese 
is  absolutely  necessary  to  produce  the  best  cheap  commercial  magnet 
steel. 

I  dare  say  there  are  a  number  of  gentlemen  here  this  evening  who 
are  interested  in  electrical  engineering  and  who  probably  know  that 
the  best  commercial  magnet  steel  is  0.55  to  0.60%  carbon  and  0.85 
to  0.90%  manganese.  Steel  containing  manganese  in  that  propor- 
tion makes  a  very  strong,  permanent  magnet,  but  one  of  the  inex- 
plainable  things  in  connection  with  metallurgy  is  that  with  man- 
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ganese  carried  to  excess,  you  get  a  positively  non-magnetic  steel, 
as  has  been  shown  you. 

Mr.  Potter  conducted  a  number  of  his  experiments  near  our  mill 
at  one  time,  and  I  want  to  say  to  you  that  the  information  of  which 
he  is  now  in  possession  did  not  come  easy.  I  have  seen  Mr.  Potter 
go  into  the  works  full  of  life  and  energy,  and  I  have  seen  him 
come  out  a  couple  of  days  after,  with  deep  lines  on  his  face,  with 
his  eyes  blood-shot  and  his  clothes  burned  full  of  holes,  after  spend- 
ing two  or  three  days  and  nights  constantly  at  the  furnace  without 
any  sleep.  These  things  do  not  come  easy.  They  only  come  through 
exceedingly  hard  work. 
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RELATION  OF  LOAD  FACTOR  TO  POWER  COSTS 

Messrs.  E.  W.  Lloyd,  a.i.e.e.,  C.  A.  S.  Howlett,  m.w.s.e. 
and  J.  M.  S.  Waring,  a.i.e.e.  and  m.w.s.e. 

Presented  at  a  joint  meeting  of  the  W.  S.  E.  and  A.  I.  E.  E., 

March  2,  ipop. 

Mr.  W.  L.  Abbott,  m.w.s.e.,  Chairman,  Chicago  Branch  a.i.e.e.: 
It  is  certainly  very  gratifying  to  see  the  attendance  this  evening  at 
this  our  first  "doubleheader"  meeting.  The  committee  for  the 
Chicago  Branch,  A.  I.  E.  E.,  had  secured  a  paper  relating  to  the 
subject  to  be  discussed  this  evening;  it  also  occurred  that  the  Elec- 
trical Section  of  the  W.  S.  E.  had  a  paper  on  the  same  subject;  as 
these  papers  were  to  be  presented  about  the  same  time,  it  was 
thought  desirable  to  hold  a  joint  meeting  for  the  presentation  of  the 
papers  and  a  general  discussion  of  this  important  subject.  It  is  by 
the  courtesy  of  the  Chairman  of  the  Electrical  Section  W.  S.  E. 
that  the  Chairman  of  the  Chicago  Branch  A.  I.  E.  E.  presides  this 
evening. 

As  there  is  no  routine  business  of  either  body  to  come  before  this 
meeting,  we  will  proceed  at  once  with  the  papers  for  the  evening. 
These  are  on  the  "Relation  of  Load  Eactor  to  Power  Costs,"  and  will 
be  presented  by  Mr.  Lloyd,  of  the  Commonwealth  Edison  Co.,  Mr. 
Howlett,  of  the  Western  Electric  Co.,  and  Mr.  WTaring,  of  the  Elec- 
tric Storage  Battery  Co. 

THE  LOAD  FACTOR. 

Mr.  E.  W.  Lloyd :  A  great  deal  has  been  written  regarding  the 
bearing  of  the  load  factor  in  a  given  plant  on  the  cost  of  producing 
and  selling  electricity,  and  it  now  seems  to  be  generally  accepted  that 
this  is  the  logical  basis  from  which  to  consider  the  matter. 

Admitting  this  to  be  the  proper  method  of  determining  these 
factors,  it  becomes  necessary  to  have  practical  information  as  to  the 
load  factors  of  different  industries  before  we  can  arrive  at  the  prob- 
able cost  of  such  power.  It  is  not  many  years  since  most  manu- 
facturers thought  that  the  actual  connected  motor  and  lamp  load 
was  the  maximum  of  his  plant,  but  we  to-day  know  that  this  is  not 
true  in  the  average  case,  and  that  the  true  maximum  is  in  many  in- 
stances considerably  less  than  the  connected  load. 

In  determining  the  load  factor  of  a  plant  it  becomes  necessary 
to  have  a  maximum  measuring  instrument.  For  use  on  direct  cur- 
rent circuits  such  instruments  have  been  developed ;  the  instrument 
being  of  a  type  both  efficient  and  cheap,  but  for  measuring  the 
maximum  on  3-phase  alternating  current  circuits  we  have  not  been 
so  fortunate.  So  far  as  I  know  there  is  not  available  to-day  a  cheap 
and  efficient  instrument  for  this  service.  In  order  then  to  carry 
on  the  practical  business  of  selling  energy  at  differential  rates  it  is 
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necessary,  where  the  system  of  generating  is  alternating  3-phase,  to 
establish  a  schedule  of  percentages,  or  to  make  tests  from  time  to 
time  of  the  maximum  demand  of  any  installation.  We  have  adopted 
a  schedule  of  percentages,  compiled  from  actual  readings  taken 
from  direct  current  installations.  This  has  been  used  for  two  years, 
and  we  have  found  these  percentages  to  be  very  close  in  a  great 
majority  of  cases.    This  schedule  is  as  follows : 

Installations  under  10  H.  P.  where  only  one  motor  is  used.  .  .  .85% 
Installations  under  10  H.  P.  where  more  than  one  motor  is  used. 75% 
Installations  from  10  H.  P.  to  50  H.  P.,  both  inclusive,  irre- 
spective of  the  number  of  motors 65% 

Installations   over   50    H.    P.,    irrespective   of   the   number   of 
motors  used 55% 

While  this  table  may  appear  low,  to  some,  for  installations  above 
50  H.  P.,  we  find  from  actual  data  that  it  is  often  high.  Of  course, 
when  you  take  into  consideration  the  demands  of  motors  driving 
blowers  and  ice  machines,  or  other  apparatus  in  this  class,  the  per- 
centages enumerated  are  probably  low,  but  generally  speaking  the 
average  manufacturing  plant  does  not  consist  entirely  of  machinery 
of  that  character.  In  order  to  protect  the  power  company  against 
demands  greatly  exceeding  these  percentages,  a  clause  can  be  in- 
corporated in  agreements  providing  for  the  test  of  the  maximum 
at  any  time.  It  might  be  interesting  to  know  that  out  of  3,900  con- 
sumers of  power,  having  installations  aggregating  35,000  H.  P., 
the  average  maximum  was  53.5%  of  the  connected  motor  load,  and 
that  this  was  subdivided  as  follows : 

Max. 

1  to    5-II.  P. — 2,900  customers 754% 

6  to  10-H.  P. —   456  customers 64.5% 

11  to  20-H.  P. —    237  customers 64.7% 

Over  20-H.  P. —    307  customers 42-9% 

Tests  taken  by  curve  drawing  instruments,  and  by  the  reading  of 
watt  meters  during  five  minute  intervals  indicate  wide  variations  in 
the  load  conditions  on  almost  all  manufacturing  plants.  Maximum 
load  conditions  in  factories  in  Chicago  seem  to  be  between  4 :30  and 
5  :oo  o'clock  in  the  evening,  regardless  of  the  time  of  the  year.  Fur- 
ther, the  maximum  load  condition  in  these  plants  does  not  always 
come  at  the  time  of  the  peak  conditions  of  the  central  station.  Of 
course,  there  is  a  point  of  high  maximum  in  these  plants  at  the  time 
of  the  central  station  peak,  but  the  highest  maximum  of  the  plant 
usually  comes  before  the  time  of  the  central  station  peak.  This  fall- 
ing off  of  the  factory  load  before  the  time  of  the  central  station  peak 
is  partially  the  reason  that  a  central  station  company  is  enabled  to 
carry  on  much  more  business  than  it  would  seem  they  were  able  to. 

There  seems  to  me  some  difference  of  opinion  as  to  the  meaning 
of  the  word  "load  factor."    Generally  speaking,  it  is  known  as  the 
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ratio  of  the  average  load  24  hours  a  day,  365  days  per  year,  to  the 
maximum  load  indicated  at  any  time  during  the  year. 

There  is  considerable  difference  in  the  load  factor  of  different  in- 
dustries. For  instance,  the  load  factor  for  elevator  service  is  not  to 
exceed  10%,  while  that  of  refrigeration  business  is  probably  in  the 
neighborhood  of  50%.  The  average  load  factor  of  street  railway 
systems  is  probably  35%,  so  that  you  see  consumers  of  electricity 
having  load  factors  exceeding  50%,  or  in  other  words  the  use  of  the 
maximum  twelve  hours  each  day,  are  very  rare.  It,  therefore,  seems 
reasonable  to  suppose  that  the  load  factors  of  central  stations  will 
not  be  much  greater  than  this  for  some  years  to  come.  The  load 
tomers  served,  is  such  as  to  have  more  than  one-half  hour  periods 
factor  of  any  central  station  cannot  exceed  this  figure  until  nearly  all 
of  the  business  of  a  community  has  been  obtained,  and  where  the  di- 
versity factor,  due  to  the  large  number  of  different  kinds  of  cus- 
of  maximum  use. 

Mr.  Abbott:  In  arranging  for  these  papers,  it  was  recognized 
that  it  was  wise  to  have  a  representative  of  the  manufacturers ;  for 
that  purpose,  Mr.  C.  A.  S.  Howlett,  of  the  Western  Electric  Co., 
was  asked  to  prepare  a  paper,  and  has  done  so,  but  through  illness, 
is  not  able  to  be  present.  He,  however,  has  handed  his  manuscript 
to  Mr.  Grant  (also  of  the  Western  Electric  Co.),  whom  I  will  ask 
to  present  it. 

LOAD  FACTOR  AND  RATES. 

Mr.  C.  A.  S.  Howlett,  m.w.s.e.  :  The  manufacturer's  position  in 
this  question  of  load  factor  and  rates  is  of  supreme  importance, 
especially  as  it  applies  to  power  rates. 

The  cycle  of  operation  may  be  considered  taking  place  as  follows : 
The  central  station  develops  and  adopts  equitable  power  rates  that 
encourage  the  use  of  motors ;  the  manufacturers  design  and  con- 
struct efficient  and  reliable  motors  and  see  that  the  customer  makes 
a  proper  selection  and  installation ;  satisfied  customers  mean 
more  business  both  for  the  central  station  and  the  manufacturer. 

The  two  vital  elements  that  the  manufacturer  must  consider  is  an 
efficient  installation  and,  if  alternating  current,  one  with  as  high  an 
average  power  factor  as  possible. 

The  typical  central  station  is  not  unlike  the  water  power  plant; 
it  has  surplus  capacity  for  a  greater  part  of  the  time,  and  all  the  sys- 
tems of  rates  aim  to  equalize  this  condition. 

The  development  of  a  successful  rate  involves  the  analysis  of  the 
cost  of  generating  competing  power,  locally,  by  such  different 
methods  as  steam,  natural  gas,  producer  gas,  illuminating  gas  and 
oil  and  a  careful  study  of  the  load  factor  obtaining  in  each  plant. 

The  importance  of  this  analysis  is  apparent  when  the  question  of 
having  the  rates  stated  in  the  franchise,  under  which  the  company 
operates,  is  considered.  No  opportunity  would  be  given  to  increase 
the  rates  even  if  it  was  found  that  the  operating  company  was  sell- 
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ing  current  at  or  below  cost.  The  rates  when  settled  usually  govern 
all  contracts  throughout  the  life  of  the  franchise. 

The  effect  of  load  factor  on  the  cost  of  power  is  readily  under- 
stood where  steam  plants  are  concerned  and  its  relation  to  rates 
for  electric  energy  will  be  treated  fully  in  the  other  papers  presented 
this  evening. 

All  rates  must  be  arranged  in  such  a  way  that  they  make  peaks 
a  prohibitive  element.  All  central  stations  want  to  sell  all  of  their 
power  all  the  time  and  only  constant  vigilance  will  bring  about  this 
condition.  For  this  reason  it  has  become  the  practice  with  some 
to  contract  for  a  block  of  "firm"  power  and  placing  a  penalty  on 
the  peak  power. 

Some  rates  are  based  on  the  monthly  load  factor.  The  total  num- 
ber of  kilowatt  hours  for  the  month  divided  by  the  kilowatt  of  this 
average  peak,  times  the  number  of  hours,  represents  the  monthly 
load  factor. 

It  has  been  brought  out  by  one  advocate  to  change  "load  factor" 
to  "loading  factor"  when  applied  to  an  industrial  plant  having  vio- 
lent swings  of  power,  i.e.,  station  loading  factor  equals  average 
station  load. 

Total  rated  capacity,  applied  to  an  individual  generating  unit, 
is  equivalent  to  the  "per  cent  full  load  rating." 

In  determining  the  proper  size  motors  to  install  in  an  industrial 
plant  it  seems  to  be  the  practice  to  take  a  portable  motor  as  large  as 
the  largest  that  will  be  liable  to  be  needed.  The  horse-power  input 
is  used  as  the  basis  and  sometimes  is  multiplied  by  two  for  safe 
measure.  The  difference  in  efficiency  of  the  testing  motor  running 
at  fractional  load  is  also  in  favor  of  having  the  motor  too  large. 

In  the  case  of  a  direct  current  plant  these  large  resultant  motors 
operating  at  fractional  loads  tend  toward  a  dissatisfied  power  user, 
and  if  the  plant  is  using  alternating  current,  such  a  condition  tends 
toward  a  low  power  factor. 

For  these  reasons  co-operation  between  the  central  station  solici- 
tor and  the  manufacturer's  representative  is  earnestly  recommended. 
Many  economies  can  be  brought  about  in  a  careful  study  of  each 
application  that  will  secure 

i.     A  satisfied  customer. 

2.  The  central  station  a  contented  power  taker. 

3.  The  customer  a  correct  and  efficient  power  application. 

Mr.  Abbott:  The  third  paper  will  be  presented  by  Mr.  J.  M.  S. 
Waring  of  the  Electric  Storage  Battery  Company. 

Mr.  J.  M.  S.  Waring,  m.ws.e.  :  The  topic  for  discussion  this 
evening  is  the  "Relation  of  Load  Factor  to  Power  Costs,"  and  I 
have  so  interpreted  this  title  as  to  include  in  the  power  costs,  the 
fixed  charges  incident  to  the  generating,  transmission  apparatus, 
etc.,  as  well  as  the  operating  expenses,  for  there  is  a  relation  be- 
tween the  load  factor  and  these  fixed  charges  as  well  as  between 
the  load  factor  and  the  actual  operating  cost. 
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The  fact  that  these  relations  exist  (and  that  other  things  being 
equal,  the  higher  the  load  factor  the  less  the  fixed  charges  and  op- 
erating expenses  for  any  given  energy  output),  is  so  well  known 
that  an  attempt  to  prove  these  facts  would  result  in  a  demonstration 
of  a  self  evident  proposition,  and  I  will,  therefore,  begin  with  the 
assumption  that  the  fact  is  admitted,  and  will  devote  the  major  part 
of  this  paper  to  the  description  of  a  comparatively  novel  application 
of  storage  batteries  where  the  ultimate  benefit  is  an  improvement 
in  the  load  factor. 

As  a  matter  of  fact,  the  installation  of  all  storage  batteries  for 
railway  and  central  station  service  has  been  made  with  a  view  of 
improving  the  load  factor  of  the  entire  system  or  of  some  part  of 
the  system. 

Most  of  these  varied  applications  are  well  known  to-day,  and  the 
time  is  too  limited  to  make  more  than  a  passing  reference  to  them. 
There  is  an  application,  however,  that  until  recently  has  received 
comparatively  little  attention,  but  whose  field  is  constantly  enlarg- 
ing, and  will,  I  believe,  result  in  more  battery  installations  for  rail- 
way, lighting  and  power  service  than  any  other  single  application. 
In  order  to  obtain  a  comprehensive  understanding  of  this  applica- 
tion it  will  be  necessary  to  lead  up  to  it  by  a  brief  and  necessarily 
academic  discussion  of  power  rates.  This,  I  feel,  will  be  justified 
in  view  of  the  facts  that  the  value  of  the  battery  installation  is  here 
dependent  on  the  nature  of  the  rate,  and  that  the  result  in  this  case, 
as  in  all  the  others  cited,  is  the  betterment  of  the  load  factor. 

It  is  needless  to  say  that  for  a  power  company  to  be  on  a  paying 
basis,  its  total  revenue  must  be  more  than  sufficient  to  cover  all  fixed 
charges  and  operating  expenses.  The  total  expenses  of  a  power 
company  may  be  divided  as  follows : 

(A)  Fixed  charges  on  equipment,  including  power  house  ap- 
paratus, transformers,  transmission  lines,  etc.,  namely,  interest  de- 
preciation, taxes,  insurance,  etc. 

(B)  Operating  expenses  made  up  of  such  items  as  fuel  and 
feed  water  if  it  is  a  steam  plant ;  oil,  waste,  incidentals,  repairs  and 
labor,  including  power  house  force,  line  men,  etc. 

(C)  Organization  expenses,  including  salaries  of  officials,  clerks, 
solicitors,  etc.,  office  rents  and  such  expenses. 

If  each  customer  of  a  power  company  is  paying  annually  an 
amount  sufficient  to  cover  the  fixed  charges,  operating  and  organiza- 
tion expenses,  incident  to  his  demand  only,  plus  a  reasonable  profit 
to  the  power  company,  his  rate  is  a  just  one,  and  every  well  or- 
ganized power  company  knows  that  an  unfair  discrimination  in 
rates  must  finally  be  disastrous.  Power  companies  are,  therefore, 
realizing  more  and-  more,  the  necessity  of  adopting  a  form  of  rate 
which  will  do  justice  to  all  of  their  customers  as  well  as  to  themselves, 
and  the  tendency  to-day  is  the  adoption  of  a  form  of  rate  which 
will  pro-rate  the  total  expenses  of  the  operating  company  as  equit- 
ably as  possible  among  its  customers.    In  order  to  accomplish  this ; 
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First,  all  fixed  charges  and  fixed  expenses,  namely,  those  that  are 
constant  and  irrespective  of  the  energy  output  of  the  plant  should 
be  divided  among  the  customers  in  proportion  to  their  maximum 
demand  for  power ;  then  each  customer  pays  the  fixed  charges  and 
fixed  expenses  on  the  apparatus  set  aside  for  his  use. 

Second,  all  variable  expenses,  namely,  those  varying  with  the 
energy  output  of  the  plant  should  be  divided  among  the  customers 
in  proportion  to  the  energy  they  consume  in  a  fixed  time. 

Of  the  various  expenses  under  the  headings,  "A,"  "B"  and  "C," 
referred  to  above,  the  only  variables  in  the  case  of  a  hydro-electric 
plant  are  the  repairs,  oil,  waste,  incidentals,  and  probably  only  a 
small  part  of  the  power  house  force,  all  the  other  expenses  being 
practically  fixed  and  independent  of  the  load  factor.  In  the  case 
of  a  steam  plant,  however,  the  variables  would  include  oil,  waste, 
incidentals,  fuel,  feed  water,  repairs  and  a  larger  percentage  of  the 
power  house  force  than  would  occur  in  the  hydro-electric  plant. 
Therefore,  in  general,  the  operating  expenses,  that  is  the  variable 
charges  are  a  greater  percentage  of  the  total  operating  cost  in  the 
hydro-electric  than  in  the  steam  plants.  Now  the  total  fixed  charges 
of  the  plant  divided  by  its  kilowatt  capacity  will  give  the  amount 
per  kilowatt  which  each  customer  should  be  charged  for  each  kilo- 
watt of  his  maximum  demand.  By  doing  this,  the  total  fixed  charges 
are  properly  pro-rated  among  the  customers  in  the  manner  outlined 
above.  The  total  operating  expense  of  the  plant  for  a  fixed  period 
of  time,  divided  by  the  kilowatt  hours  output  for  that  period  will 
give  the  cost  per  kilowatt  hour  of  the  actual  operating  expenses,  ex- 
clusive of  the  fixed  charges,  and  this  amount  plus  the  company's 
legitimate  profit  would  be  the  kilowatt  hour  rate  that  the  customers 
should  pay  for  their  energy  consumption.  In  other  words,  an  equit- 
able basis  of  power  rates  is  the  one  where  a  customer  is  billed  annu- 
ally a  fixed  amount  per  kilowatt  of  his  maximum  peak,  which  we 
may  call  a  primary  charge,  and  is  billed  in  addition  to  this  a  fixed 
amount  per  kilowatt  hour,  which  we  will  call  the  energy  charge. 
Power  rates  may  apparently  differ  from  this  in  form,  but  to  be 
equitable  they  must  be  reducible  to  this  basis,  and  a  rate  whicb  is  not 
reducible  to  it  is  not  equitable.  In  order  that  this  form  of  rate,  or 
its  equivalent,  may  be  put  in  force  it  is  necessary  that  the  consumer's 
load  factor  be  known  in  each  case.  His  average  load  may  of  course 
be  determined  by  an  integrating  watt  meter.  His  maximum  load, 
however,  must  be  determined  in  order  to  establish  the  load  factor. 
Usually  the  most  accurate  way  of  determining  this  maximum  is  by 
means  of  a  meter,  such  as  the  Wright  Demand  meter,  or  a  recording 
instrument. 

Notwithstanding  the  fact,  that  the  number  of  equitable  rates 
in  force  is  constantly  increasing,  I  could  cite  actual  cases  of  rates 
in  force  today,  varying  from  the  equitable  basis  referred  to  above, 
to  the  other  extreme  of  the  flat  rate  of,  a  fixed  amount  per  month 
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per  lamp  connected.  It  may  be  interesting  to  mention  several  of 
these  cases  with  a  view  of  analyzing  them,  and  determining  how 
nearly  they  approach  the  equitable  basis. 


Fig.  i. 

These  analyses  will,  I  believe,  be  made  clearer  by  using  the  curves 
shown  on  Figs.  I  and  2  as  illustrations.  On  each  sheet  the  curves 
relating  to  steam  operation  are  shown  by  the  solid  lines  and  those 
referring  to  hydro-electric  plants  by  the  dotted  lines.     In  Fig.  1,  the 


curves  are  plotted  between  per  cent  load  factor  and  cost  per  H.  P. 
per  year,  curve  A  representing  the  fixed  charges  of  a  steam  plant ; 
curve  B,  the  variable  expenses ;  curve  C,  being  a  summation  of  A  and 
B ;  curve  D,  represents  the  fixed  charges  of  an  hydro-electric  plant ; 
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curve  E,  the  variable  expenses ;  curve  F,  being  a  summation  of  D 
and  E.  All  of  these  curves  may  be  reduced  to  curves  as  shown  on 
Fig.  2,  which  is  plotted  between  per  cent  load  factor  and  cost  per 
kw.  hour,  the  cost  per  kw.  hour,  at  any  load  factor,  being  equal  to 
the  cost  per  H.  P.  per  year  at  the  same  load  factor,  divided  by  8760 
and  multiplied  by  0.746,  multiplied  by  the  load  factor.  Thus  curve 
A,  Fig.  2  is  deduced  from  curve  A,  Fig.  1,  the  other  curves  in  Fig.  2, 
being  obtained  in  the  same  manner ;  the  factor  8760  is  the  number  of 
hours  in  a  year.  It  should  be  understood  that  the  values  shown  by 
these  curves  have  been  taken  arbitrarily,  and  are  not  intended  to 
represent  any  specific  case,  nor  should  any  meaning  be  attached  to 
the  relative  costs  of  steam  and  hydro-electric  plants  as  shown  by 
these  curves. 

1.  Water  Power.  A  primary  charge  of  a  fixed  amount  per  kw. 
per  year  of  the  maximum  kw.  plus  a  fixed  rate  per  kw.  hour. 

This  coincides  with  the  rate  basis  referred  to.  The  maximum  is 
taken  as  the  average  of  the  ten  highest  fifteen  minute  averages  oc- 
curring during  the  year. 

2.  Steam.  Same  as  1,  except  that  the  maximum  is  determined 
as  follows :  The  highest  one  hour  average  of  every  peak  throughout 
the  year  is  noted,  and  the  highest  average  that  can  be  obtained  by 
averaging  any  six  consecutive  peaks  is  taken  as  the  maximum. 

3.  Steam.  Different  rates  per  kw.  hour  specified  for  various 
load  factors.  Such  a  basis  of  rates  could  be  fixed  for  the  steam 
plant  illustrated  in  the  curves,  by  specifying  the  costs  per  kw.  hour 
shown  on  curve  C,  Fig.  2  for  various  load  factors,  plus  a  profit. 

This  form  of  rate  could  be  reduced  to  the  general  form  by  reduc- 
ing curve  C,  Fig.  2,  to  curve  C,  Fig.  1,  and  separating  this  into 
curve  A,  Fig.  1  and  B,  Fig.  2. 

4.  Water  Power.  A  fixed  rate  per  H.  P.  per  year  times  the  maxi- 
mum 1  hour  peak.  Such  a  rate  is  reasonably  equitable  for  a  water 
power  plant.  It  would  be  quite  so  if  curve  F,  Fig.  1,  were  hori- 
zontal ;  that  is,  if  all  expenses  were  fixed. 

5.  Water  Power.  A  reservation  charge  of  a  fixed  rate  per  H.  P. 
of  motors  connected  per  month,  plus  a  fixed  rate  for  power  per  kw. 
hour. 

This  offers  no  inducement  to  the  purchaser  to  improve  his  load 
factor,  as  would  be  the  case  were  the  reservation  charges  based  on 
the  maximum  load  instead  of  the  rated  capacity  of  motors  installed. 
It  is  not  fair  to  those  customers  who  operate  a  number  of  motors 
each  of  which  may  at  times  operate  up  to  its  rating,  but  where  the 
simultaneous  operation  of  all  of  the  motors  at  their  rated  capacities 
would  never  occur. 

6.  A  Fixed  Rate  Per  Kw.  Hour.  This  rate  is  not  a  just  one  as 
no  consideration  whatever  is  given  to  the  customer's  load  factor. 

7.  Steam.  $0.15  per  kw.  hour  for  the  first  30  hours  of  the 
maximum  demand,  plus  $0.10  per  kw.  hour  for  all  in  excess  of  the 
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first  30  hours  use  per  month  of  the  maximum   demand.     This  is 
equivalent  to : 

(1)  The  maximum  kw.  x  30  hours  at  15c.  per  kw.  hour,  plus 

(2)  The  total  kw.  hours  minus  (The  maximum  kw.  x  30)  at  10c. 
per  kw.  hour. 

The  Wright  Demand  meter  records  the  maximum  amperes  (at 
115  volts)  during  the  month;  (1)  then  becomes  equal  to  the  Max. 
Amp.  x  0.1 15  x  30  x  o.i5=Max.  kw.  x  4.5,  and  the  customer's  bill 
is,  therefore,  4.5  x  Max.  kw.  plus  0.10  x  (total  kw.  hours — 30  x  Max. 
kw.)=4-5  x  Max.  kw.  plus  o.ix  total  kw.  hours — 3  x  Max.  kw.= 
1.5  x  Max.  kw.  plus  0.1  x  total  kw.  hours;  or,  in  other  words,  he  is 
billed  at  $1.50  per  month  per  kw.  of  the  maximum  peak  plus  a 
charge  of  10c.  per  kw.  hour,  which  is  the  same  as  the  general  form 
of  rate  referred  to. 

8.  Water  Power.  A  reservation  charge  of  a  fixed  amount  per 
kw.  per  month  times  the  maximum  kw.  plus  a  charge  for  power 
made  up  of  a  fixed  amount  times  load  factor  times  maximum  kw. 

If  such  a  rate  were  adopted  for  the  water  power  plant  illustrated 
by  the  curves,  the  reservation  charge  should  be  approximately  $2.79 

$25.00  per  H.  P.  per  year 

per  kw.  per  month  (= the  figure  $25.00 

12x0.746 
being  taken  from  curve  D,  Fig.  1),  and  the  monthly  charge  for 
power  would  be  $5.00  plus  a  profit  times  load  factor  times  maximum 
kw.  The  figure  $5.00  is  the  variable  expense  per  H.  P.  per  year 
at  100  per  cent,  load  factor  as  illustrated  by  curve  E,  Fig.  1.  The 
company's  revenue  would  have  been  the  same  if  their  monthly  power 
charge  had  been  made  equal  to  $0.00076  per  kw.  hour,  plus  a  profit 
times  the  number  of  kw.  hours  output  for  the  month,  since  the  figure 
$0.00076  is  taken  from  curve  E,  Fig.  2,  which  gives  the  equivalent 
costs  per  kw.  hour  at  various  load  factors  of  the  costs  per  H.  P.  per 
year  shown  by  curve  E,  Fig.  1. 

Hence  this  rate  is  directly  reducible  to  the  general  form  of  rate 
previously  referred  to.  The  maximum  in  this  case  is  arrived  at  by 
taking  the  average  of  the  maximum  two  minute  peaks  for  all  the 
days  in  the  month. 

It  is  evident  from  the  above  that  the  equitable  basis  of  rates  or  its 
equivalent  offers  an  inducement  to  the  Purchaser  of  power  to  im- 
prove his  load  factor.  The  battery  application  that  I  have  been  lead- 
ing up  to  is  that  of  a  storage  battery  installed  by  the  purchaser  of 
power  to  reduce  his  maximum  demand,  and  consequently  his  annual 
primary  charge.  From  his  point  of  view,  the  battery  proposition 
to  be  attractive  must  insure  him  a  reduction  in  his  annual  power 
bills  sufficient  to  pay  the  annual  fixed  charges  and  expenses  incident 
to  the  battery,  plus  a  fair  return  on  the  battery  investment;  or,  in 
other  words,  the  yearly  fixed  charges  and  operating  expenses  per 
kilowatt  of  the  battery  (meaning  the  total  annual  cost  of  the  bat- 
tery divided  by  the  maximum  number  of  kilowatts  cut  off  the  peak), 
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must  be  less  than  the  fixed  charges  and  fixed  expenses  per  kilowatt 
per  year  of  the  power  company. 

From  the  point  of  view  of  the  power  company,  the  betterment 
of  their  load  factor  by  the  Purchaser's  installation  of  storage  bat- 
teries makes  possible  a  greater  energy  output  for  a  certain  plant 
investment,  and  therefore,  a  greater  revenue  since  a  part  of  the 
charge  for  power  is  at  a  fixed  rate  per  kw.  hour. 

It  is  evident  that  the  value  of  the  battery  situation  will  depend  ; 
First,  on  the  breadth  and  shape  of  the  peak ;  second,  on  the  power 
company's  method  of  determining  the  peak ;  and  third,  on  the  power 
company's  method  of  determining  its  fixed  charges  and  fixed  ex- 
penses per  kw. 

As  illustrations  of  how  these  items  affect  the  battery  situation,  the 
cost  of  a  battery  to  eliminate  a  certain  triangular  peak  might  be  pro- 
hibitive, while  a  smaller  battery  to  cut  off  less  of  the  peak  might 
prove  a  paying  investment,  for,  due  to  the  shortened  base  line,  the 
cost  of  battery  per  kzv.  of  peak  would  be  decreased  as  the  size  of 
battery  is  decreased. 

The  power  company's  method  of  determining  the  peak  has  a  dis- 
tinct bearing.  For  instance,  if  the  peak  load  of  a  railway  is  assumed 
to  be  the  maximum  one  hour  average  load  in  one  case,  and  the 
maximum  five  minute  average  load  in  another,  the  same  size  of 
battery  might  meet  both  conditions,  and  therefore  cost  the  same,  but 
it  could  reduce  the  peak  more  in  the  latter  than  in  the  former  case, 
thereby  effecting  a  larger  return  on  the  investment. 

The  power  company's  method  of  determining  its  fixed  charges  per 
kw.  is  also  pertinent  to  the  battery  situation.  In  the  case  of  a  steam 
plant  these  charges  can  often  be  based  on  the  overload  rating  of  the 
generating  units,  while  with  a  hydro-electric  plant  they  can  figure 
on  very  little,  if  any,  overload  capacity  as  the  generator  would  prob- 
ably be  installed  with  a  continuous  rating  nearly  equal  to  the  water 
wheel  capacity.  If  the  charges  are  based  on  overload  ratings,  the 
reduction  of  a  certain  amount  in  the  peak  would  result  in  less  reduc- 
tion in  the  consumer's  bills  than  if  based  on  continuous  ratings. 

In  conclusion,  I  would  say,  that  I  have  only  attempted  to  point 
out  in  a  necessarily  brief  way,  a  just  basis  or  form  of  power  rate, 
and  the  discussion  of  such  kindred  subjects  as  off-peak  loads,  whole- 
sale rates  to  large  users,  etc.,  are  hardly  within  the  scope  of  this 
paper.  Local  conditions  may  arise,  and  do  arise,  in  specific  cases 
necessitating  some  departure  from  this  general  form,  but  the  fact 
remains  that  the  nearer  rates  in  force  approach  this  basis,  the  more 
equitable  they  become. 

Discussion. 

Mr.  Abbott:  The  question  of  the  proper  method  of  charging  for 
current  has  been  a  mooted  one  from  the  time  that  electric  current 
was  first  sold.  The  first  method  of  charging  a  customer  for  cur- 
rent was  to  charge  him  so  much  per  lamp,  for  his  connected  loads : 

Vol.  XIV.    No.  j 


Load  Factor  and  Power  Costs  ^51 

that  obviously  had  its  objections  to  the  power  company  which  was 
paying  the  coal  bills.  The  next  method  was  to  charge  a  fixed  amount 
per  unit  of  current  consumed ;  and  this,  while  having  the  precedent 
of  the  gas  companies,  soon  developed  its  objectionable  features. 
Since  then  various  schemes  and  plans  have  been  devised  for  combin- 
ing these  two  features  of  charging,  first,  for  the  connected  load  or 
maximum  demand,  and  second,  for  the  amount  of  current  consumed. 
The  proper  combination  of  the  two  is  the  subject  which  is  interesting 
to  power  companies  and  consumers  of  electric  current  particularly 
for  power  more  and  more,  and  is  the  subject  for  tonight.  I  will  call 
upon  Mr.  John  F.  Gilchrist  to  start  the  discussion,  as  one  who  has 
been  in  touch  with  this  question  longer,  and  has  given  it  more  thought 
than  any  one  else  in  the  city. 

Mr.  John  F.  Gilchrist :  The  question  of  an  equitable  charge  for 
the  sale  of  electricity  is  naturally  based  on  the  cost  of  producing 
that  electricity.  Really,  the  charge  should  be  based  on  the  load 
factor,  that  is,  giving  a  higher  rate  to  low  load  factor  business,  and 
charging  a  lower  rate  to  higher  load  factor  business.  But  to  make 
the  theory  absolute,  that  is,  to  work  out  the  practice  along  the  lines 
of  theory,  you  should  follow  the  load  factor  at  each  plant  rather  than 
the  load  factor  of  the  individual  customer.  That,  however,  has  been 
found  a  difficult  and  complicated  thing  to  do.  And  most  of  the  com- 
panies supplying  electricity  have  started  with  the  assumption  that 
every  one  was  using  power  at  the  time  of  the  station  peak  and  that 
the  loads  were,  in  a  very  large  measure,  coincident,  and  have  estab- 
lished a  schedule  based  on  the  individual  load  factor.  It  is  obvious 
that  if  you  have  two  customers  on  a  station  the  peak  of  which  station 
occurs  at  five  o'clock  in  the  evening,  and  one  of  these  customers  has 
his  peak,  or  at  least  uses  an  amount  of  current  representing  a  large 
percentage  of  his  peak  at  5  130  p.  m.,  and  the  other  has  absolutely 
no  peak  at  that  hour,  but  has  his  peak  at  nine  o'clock  in  the  morning, 
that  it  would  be  hardly  fair  to  apply  the  same  individual  schedule 
to  both  customers.  And  yet,  in  a  large  system,  dealing  with  a 
very  large  number  of  customers,  it  is  a  very  difficult  ques- 
tion to  decide,  and  you  are  likely  to  run  against  munici- 
pal regulations  if  you  attempt  to  differentiate  between  these  two 
classes  of  customers.  So,  as  I  say,  the  power  companies  have  gone 
back  to  the  proposition  that  the  man  whose  peak  comes  at  nine 
o'clock  in  the  morning  is  the  rare  exception,  and  have  lined  his 
business  up  at  the  same  rate  which  prevails  with  the  customers  who 
are  using  current  at  the  time  of  the  evening  peak.  Possibly,  if  it 
could  be  worked  out,  a  combination  of  a  two-rate  system  and  a  de- 
mand system  would  be  the  ideal  kind  of  charge. 

It  is  very  interesting  to  study  the  effect  of  the  growth  of  business 
on  the  load  factor  of  the  large  station.  As  the  station  grows  and 
you  get  on  a  great  variety  of  businesses,  you  find  many  very  inter- 
esting things.  For  instance,  take  a  large  residence  section  where,  in 
the  individual  case,  the  load   factor  will  be  low,   we  will  say,  the 
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average  use  of  the  maximum  consumption  is  possibly  two  and  one 
half  hours  daily,  in  the  average  residence  district  in  Chicago ;  then 
take  the  station,  or  the  sub-station,  whose  factor  in  large  districts  of 
residences  where,  so  far  as  can  be  told  from  the  general  habits  of 
the  race  and  from  the  outside  appearances  of  their  houses  the  condi- 
tions are  the  same,  and  the  peak  comes  at  about  the  same  time,  you 
will  find  that  the  business  as  shown  by  the  station  instruments  is 
four  or  five  hours  a  day  use  of  the  maximum,  so  that  if  you  base 
your  rate  on  the  individual  peak,  and  that  is  based  on  the  actual  cost 
of  producing  energy  for  that  particular  customer,  you  have  a  big- 
leeway  in  the  improved  load  factor  which  you  get  in  the  aggregate. 
Now,  as  you  increase  your  business  and  take  on  power  load  you  will 
find  that  there  is  a  diversity  factor  or  lack  of  coincidence  between 
the  power  load  with  the  evening  lighting  load  in  the  business  part  of 
the  city,  and  the  peak  of  the  residence  load.  The  evening,  lighting 
load  in  the  down  town  section  of  Chicago,  for  instance,  at  the  time  of 
the  year  when  the  peak  is  really  a  serious  question,  is  perhaps  at 
4:45  to  5  P.  M.,  whereas  the  peak  of  a  distinctive  residence  section 
is  eight  o'clock  in  the  evening.  Then,  if  you  are  doing  a  railway 
business  you  will  find  that  there  is  a  still  further  diversity,  because 
it  is  obvious  that  you  can't  have  operatives  working  in  the  shops  and 
orifices  and  going  home  at  the  same  time,  consequently  there  must  be 
some  difference  there. 

In  the  street  railway  business  we  find,  in  this  climate,  that  the 
absolute  peak  of  the  load,  the  annual  peak,  is  apt  to  come  in  the 
months  of  January  or  February,  probably  in  the  latter  month.  This 
is  due  to  climatic  conditions.  The  peak  of  the  railways  on  account 
of  electrically  heated  cars  is  dependent  more  on  the  temperature 
than  it  is  on  the  conditions  of  light  and  darkness ;  and  in  our  climate, 
therefore,  the  peak  comes  when  the  coldest  weather  comes,  which  is 
ordinarily  in  January  or  February,  where  as  the  lighting  peak  comes 
in  most  cities,  always  in  this  city,  before  the  Christmas  holidays. 

Now  if  you  get  into  the  business  of  supplying  electricity  to  the 
trunk  lines,  the  steam  roads,  you  will  find  that  their  annual  peaks 
come  at  a  different  time  of  the  year  from  the  other  two,  for  reasons 
different  from  either  of  the  others,  namely,  the  greater  industrial 
activity  and  the  handling  of  the  crops  which  comes  in  the  fall  of  the 
year.  The  peak  of  the  freight  handling  roads  coming  into  Chicago 
will  probably  be  found  to  be  in  the  month  of  October.  So  that  carry- 
ing out  your  central  station  to  the  theoretical  limit  and  getting  all 
kinds  of  business  on  it,  the  diversity  factor  will  be  found  to  be  very 
good.  There  is  an  interesting  matter  in  relation  to  load  factor  to  be 
found  in  the  methods  of  measuring  the  load  of  a  street  railway 
system.  I  suppose  that  the  load  factor  of  most  of  our  Chicago  roads, 
our  big  surface  roads,  will  be  found  based  on  a  momentary  peak,  to 
be  in  the  neighborhood  of  30  per  cent, — somewhere  from  30  to  35 
per  cent.  If  you  stretch  out  your  peak  to  five  minutes  you  will  have 
a  better  load  factor.    If  you  stretch  it  out  to  an  hour  it  changes  again. 
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We  have  found  this  impracticable,  as  most  of  you  know  who  are 
familiar  with  the  contract  between  the  Commonwealth  Company  and 
the  Chicago  City  Railway  Company,  which  is  a  matter  of  public 
knowledge ;  in  that  we  take  the  average  of  six  peaks.  Two  peaks 
are  taken,  one  from  the  morning  and  one  from  the  evening  of  three 
successive  days,  and  we  find  that  the  advantage  to  the  railroad  of 
that  method  of  measuring,  instead  of  taking  the  actual  peak,  is  a 
saving  of  something  like  fifteen  per  cent;  that  is  to  say,  the  peak 
obtained  in  that  way  is  only  about  85  per  cent  of  the  actual  momen- 
tary peak. 

All  of  these  things  are  of  great  interest,  and  it  is  very  interesting 
to  watch  the  change  in  the  development  and  study  the  effect  of  load 
factor  on  the  cost  of  producing  energy. 

Mr.  H.  R.  King,  m.w.s.e.  :  We,  as  manufacturers,  are  more  in- 
clined to  look  at  it  from  our  end,  than  from  the  central  station  end. 
We  realize  that  cheap  station  power  will  increase  the  use  of  motors 
for  incidental  purposes,  and  we  also  realize  that  the  problem  of  ap- 
plying the  motor  to  present  installations  is  one  which  can  give  to  the 
central  station  considerable  assistance  in  that  it  will  increase  the  load 
factor  of  the  consumer,  and  thereby  reduce  the  cost  of  power.  It 
was  my  hope  that  Mr.  Howlett  would  have  touched  on  that  and  given 
some  data,  which  I  think  he  could  have  given,  in  connection  with  the 
actual  results  which  are  obtained. 

Much  can  be  done  in  the  study  of  the  application  of  motors  in  that 
direction,  and  we  have  found  that  great  harm  is  done  in  the  installa- 
tion of  too  large  a  motor.  Mr.  Howlett  brought  this  point  out  in 
part,  and  if  the  solicitors  of  the  suppliers  of  electric  power  could 
direct  the  consumer  in  the  direction  of  purchasing  a  motor  of  a 
proper  size  both  the  central  station  and  the  manufacturer  would  be 
benefited. 

Mr.  Abbott :  The  Chairman  of  the  Electrical  Section  of  the  West- 
ern Society  should,  of  course,  discuss  this  matter.  He  is  engaged 
in  the  business,  more  or  less,  of  installing  lighting  plants,  some  of 
which  I  fear  with  the  intent  that  they  shall  compete  with  central  sta- 
tions.   I  should  like  to  have  him  give  some  justification  for  that. 

Mr.  W .  B.  Jackson,  m.w.s.e.  :  I  had  supposed  that  my  burdens 
were  transferred  to  the  shoulders  of  the  other  joint  Chairman,  but 
he  has  apparently  thrust  them  back  upon  me.  However,  we  are  all 
so  deeply  interested  in  this  question  of  load  factor,  whether  we  are 
managing  an  office,  are  operating  an  electrical  plant,  or  whether  we 
are  advising  clients  as  to  the  best  methods  for  making  electric  light 
and  power  plants  profitable,  that  I  think  we  should  all  be  willing 
to  add  our  quota  to  the  present  discussion.  The  question  of  load 
factor  enters  into  almost  every  line  of  work  as  an  important  con- 
sideration. 

One  phase  of  the  matter  that  has  not  already  been  touched  upon 
is  the  greatly  varying  effect  of  a  poor  load  factor  upon  different 
water  power  plants.     For  instance  in  a  hydro-electric  project  where 
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the  low  flow  of  the  stream  can  be  stored  so  as  to  be  available  for  any 
distribution  of  load  throughout  the  24  hours,  all  of  the  power  of  the 
stream  is  available  regardless  of  the  daily  load  factor ;  the  presence 
of  a  poor  load  factor  has  the  effect  of  requiring  a  relatively  large 
capacity  of  machinery,  but  it  does  not  mean  any  loss  in  the  usefulness 
of  the  water.  But  if  we  consider  a  water  power  plant  that  has  little 
or  no  water  storage  capacity,  and  in  which  the  load  factor  is  not 
good,  a  large  portion  of  the  usefulness  of  the  water  will  be  lost,  for 
either  the  water  must  be  running  to  waste  at  times  of  higher  load  or 
else  all  load  above  the  minimum  must  be  carried  by  steam  auxiliary. 
It  seems  to  me  that  this  element  is  not  always  given  due  weight  in 
considering  the  value  of  water  powers.  This  same  line  of  reasoning 
is  applicable  to  water  powers  having  water  storage  of  sufficient 
capacity  to  permit  of  carrying  water  over  for  days  or  weeks  at  a  time 
as  compared  with  powers  in  which  such  storage  capacity  is  not  avail- 
able. 

The  problems  arising  from  load  factor  which  confront  the  mana- 
gers of  electric  plants  are  of  the  same  general  character  as  those 
confronted  in  almost  every  line  of  business.  In  all  kinds  of  business 
we  endeavor  to  keep  the  load  factor  as  good  as  possible ;  we  endeavor 
to  so  arrange  the  work  that  there  is  the  least  possible  difference  be- 
tween the  busiest  times  and  the  slackest  times  and  only  thereby  can 
we  obtain  the  most  economical  service  from  our  plants  and  em- 
ployees whatever  may  be  the  business.  Every  mite  of  load  that  we 
can  cut  off  of  the  "peaks"  and  throw  into  the  hollows  means  real 
net  gain.  It  is  thus  seen  that  this  question  of  load  factor  is  basic, 
though  no  such  general  and  logical  study  had  been  given  to  the 
problem  until  it  was  so  fully  recognized  and  studied  in  the  electrical 
business. 

The  point,  that  has  been  dwelt  upon  this  evening,  namely,  the 
advantage  as  regards  load  factor  which  accrues  to  an  electric  light 
and  power  company  which  furnishes  electricity  for  every  kind  of 
service  be  it  large  or  small  from  a  system  operated  as  a  unit,  is  one 
well  worthy  of  consideration.  And  our  Chairman  will  find  that  fair 
minded  consulting  engineers  will  not  advise  a  consumer  of  electric 
light  and  power  to  generate  his  own  power  if  he  can  receive  service 
from  the  central  station  that  will  fulfill  his  needs  and  at  a  reasonable 
cost.  It  must  be  remembered,  however,  that  there  are  many  isolated 
plants  in  existence,  and  under  such  conditions  it  is  frequently  difficult 
for  a  central  station  to  offer  sufficient  inducements  to  make  it  appro- 
priate for  the  owners  to  throw  aside  the  apparatus  they  have  installed. 
But  I  believe  that  nobody  appreciates  more  clearly  than  the  thinking 
consulting  engineer  of  today,  the  disadvantages  to  the  central  station 
of  having  portions  of  the  territory  through  which  its  mains  extend 
occupied  by  small  competing  plants.  And  I  believe  that  every  fair 
minded  consulting  engineer  will  be  very  sure  that  a  client  can  make 
a  real  gain  from  having  an  isolated  plant  before  he  will  advise  its 
installation. 
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Mr.  P.  Junkersfeld,  m.w.s.k.  :  The  subject  has  already  been  pretty 
well  discussed,  but  there  is  one  feature  that  1  believe  has  not  been 
touched  upon.  As  has  been  said  before,  of  course  equitable  rates  are 
necessarily  based  on  cost  of  producing  and  distributing  power.  The 
cost  of  producing  and  distributing  power  has  also  been  said  to  con- 
sist  primarily  of  two  features,  the  fixed  charge  and  the  operating 
cost,  and  that  is  true.  But  a  further  analysis  is  possible.  The  fixed 
charge  consists  first  of  the  fixed  charge  on  the  amount  of  equipment 
that  is  actually  necessary  to  supply  that  business,  with  certain  risks 
as  to  whether  or  not  the  service  will  be  continuous.  It  may  also  in- 
clude a  fixed  charge  on  a  certain  surplus  capacity. to  insure  reliability, 
and  that  is  a  feature  that  has  been  understood  to  some  extent  for 
some  time,  but  has  recently  been  again  brought  out  more  strongly 
and  more  clearly  than  ever  before  in  a  paper  before  the  "American 
Institute"  by  Dr.  Steinmetz,  and  this  is  a  feature  that  should  be  con- 
sidered. 

In  certain  sections  of  large  cities  it  is  necessary  to  give  a  very 
much  higher  grade  of  service.  Take  the  city  of  Chicago,  for  in- 
stance, where  the  down  town  district  is  the  keystone,  you  might  say, 
of  the  arch.  The  customers  need  and  the  company  for  its  own  in- 
terest as  well  as  for  the  public  good,  must  give  a  better  class  of  service 
in  the  direction  of  reliability,  and  that  is  a  feature  that  enters  very 
materially  into  the  fixed  cost.  Now  the  effect  of  load  factor  on  the 
total  cost  depends  somewhat  upon  the  amount  of  investment,  for  in- 
stance, with  a  larger  investment  per  unit  of  demand,  of  course  the 
variation  in  load  factor  will  have  a  greater  effect  upon  the  total  cost 
of  supplying  such  demand.  And  the  investment  for  insurance  of 
the  service  rendered  or  in  other  words  all  investment  over  that 
actually  needed  for  equipment  to  supply  the  demand  under  favorable 
conditions,  is  a  very  vital  feature  in  the  actual  cost  of  producing  and 
distributing  the  energy. 

Mr.  Abbott:  With  an  equitable  rate,  such  as  one  of  the  speakers 
referred  to,  a  power  company  will  make  a  price  for  current  for  the 
long  hour  user  very  low,  therefore,  what  the  power  company  wants 
is  long  hour  users,  and  what  the  consumer  wants  is  a  power  company 
which  will  make  a  low  price.  There  is  a  certain  benevolent  institu- 
tion which  undertakes  to  bring  these  two  interests  into  harmony. 
A  representative  of  that  company  is  Mr.  G.  H.  Atkin,  Manager  of 
the  Electric  Storage  Battery  Company. 

Mr.  G.  H.  Atkin  :  The  point  regarding  low  prices  to  long  hour 
users,  is  I  think,  covered  in  a  great  measure  by  Mr.  Waring's  paper ; 
the  function  of  the  battery  in  cutting  off  the  peak  that  Mr.  Jack- 
son refers  to  and  putting  it  down  in  the  hollow,  we  are  performing 
right  along,  and  I  think  the  most  recent  and  instructive  case  is  the 
one  in  connection  with  the  contract  that  Mr.  Jackson  referred  to  be- 
tween the  C.  E.  Co.  and  the  Chicago  City  Railway  Co.  under  which 
they  pay  a  primary  charge  of  $15  per  kilowatt  per  annum,  and  then 
on  top  of  that  so  much  per  kilowatt  hour  used.     The  battery  that 
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we  have  installed  for  them  in  Plymouth  Court,  cuts  off  from  that 
peak  2500  kilowatts,  which  at  $15  a  year,  shows  a  gross  saving  of 
$37,500  a  year.  That  is  the  largest  and  most  recent  case  in  point, 
and  the  same  thing,  of  course,  can  be  done  in  much  smaller  plants 
where  the  load  is  very  high,  or  where  the  power  is  very  inadequate 
and  there  the  storage  batteries  can  be  used  to  great  advantage. 

Mr.  Abbott:  We  are  fortunate  in  having  with  us  as  a  guest  this 
evening,  one  who  is  naturally  interested  in  this  work,  Mr.  Babcock, 
electrical  engineer  for  the  Harriman  System. 

Mr.  A.  H.  Babcock  :  This  paper  is  of  great  interest  to  me  because 
on  one  side  of  the  country  we  are  the  manufacturer  of  power,  and 
on  the  other  side  of  the  country,  the  buyer.  In  the  far  west  a  great 
deal  of  the  power  is  transmitted  from  the  mountains,  as  you  know, 
down  to  the  large  centers.  In  that  district  the  railroad  companies 
buy  from  a  few  lights,  in  a  country  station,  up  to  2000  or  3000  kilo- 
watts in  other  places,  for  shop  work  and  for  railway  propulsion 
purposes.  Between  these  two  limits  you  recognize  a  wide  range  of 
possibilities  in  the  way  of  making  rates. 

From  the  mountains  in  California  streams  run  down  to  the  valleys 
and  water  storage  is  seldom  practicable  for  two  reasons ;  first,  the 
extreme  cost  of  building  reservoirs  in  the  high  altitudes  where  con- 
struction work  is  possible  only  for  a  very  few  months  of  the  year ; 
second,  if  we  do  build  expensive  dams,  we  can  store  from  one  season 
to  another  or  from  one  part  of  the  year  to  another,  but  owing  to  the 
fact  that  from  twenty-four  to  forty-eight  hours  are  required  for  the 
water  to  come  through  the  ditches  and  flumes  from  the  reservoirs, 
down  to  the  generating  plant,  anything  like  a  daily  peak-load  storage 
is  usually  out  of  the  question.  Consequently  flat  rates  prevail,  and 
where  consumers  are  on  flat  rates  they  will  leave  lights  burning  all 
day  because  it  is  easier  than  to  turn  them  out,  and  they  use  very 
low  efficiency  lamps  because  their  pocket  books  are  not  affected. 
Such  consumers  will  not  consider  the  eastern  two-rate  method  of 
charging. 

On  the  other  side  of  the  Sierra  Nevadas,  in  the  Salt  Lake  Dis- 
trict, for  example,  the  conditions  are  much  the  same,  except  that 
there  we  have  a  freshet  season  which  comes  in  May  or  June  owing 
to  the  melting  of  the  snows ;  and  in  October  we  have  one  low  water 
period,  and  in  January  or  February  we  have  another  low  water  sea- 
son, due  to  freezing. 

To  take  one  case  in  point,  a  stream  for  which  we  have  just  or- 
dered a  piece  of  machinery,  has  a  minimum  flow  of  about  200  second 
feet.  During  the  early  part  of  the  year  it  will  run  to  300  second 
feet ;  in  the  spring  time,  or  early  summer  it  will  run  to  1000  second 
feet.  That  water  cannot  be  stored  from  season  to  season  but  peak- 
load  storage  is  obligatory  because  irrigation  rights  demand  constant 
flow.  We  are,  therefore,  obliged  to  put  at  the  head  works  a  small 
dam  which  will  give  us  daily  storage  capacity ;  and  then  at  the  tail 
race  another  dam  which  also  stores  that  same  water  so  that  we  are 
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able  to  turn  a  constant  flow  into  the  stream  for  irrigating  purposes. 

Now  occupying  these  two  positions  you  can  see  it  is  rather  difficult 
to  steer  a  middle  course.  Arguments  put  up  on  one  side  of  the 
mountains  for  a  low  rate  in  the  buying  of  power  are  not  good  on 
the  other  side  when  it  comes  to  making  a  low  rate  where  we  furnish 
power.  We  have  attempted  in  these  cases  to  get  "light  from  the 
east ;"  and  the  remarks  made  this  evening  are  extremely  interesting. 

After  all,  while  we  can  talk  and  argue  on  these  points  in  a  general 
way,  as  in  these  papers  tonight,  there  is  no  general  method,  as  far 
as  I  have  been  able  to  find  out,  that  can  be  applied  to  such  varying 
conditions.  It  seems  to  me  in  this,  as  in  any  other  engineering  ques- 
tion, one  must  take  the  conditions  as  he  finds  them  and  figure  out  his 
own  solution  as  best  he  may  be  able. 

Mr.  Abbott:  I  see  another  gentleman  here  who  is  engaged  oc- 
casionally in  the  business  of  installing  isolated  plants,  and  I  trust  he 
has  seen  some  light  here  this  evening  to  show  him  that  with  proper 
equitable  rates  such  practice  is  not  justifiable  from  an  engineering 
standpoint;  Mr.  Postel. 

Mr.  F.  J.  Postel :  There  is  one  thing  that  has  impressed  me  this 
evening,  and  that  is,  that  large  companies  are  principally  the  ones 
interested  in  the  two-rate  proposition.  The  small  companies  do  not 
seem  to  worry  about  getting  a  rate  which  will  be  fair,  considering 
the  load  factor.  It  seems  to  me  the  reverse  should  be  true  for  it  is 
more  important  for  the  small  companies  to  consider  this  mattter  of 
load  factor  than  for  the  larger  companies. 

A  large  company  will  naturally  have  the  better  load  factor  because 
it  is  in  the  position  of  the  large  consumer,  while  the  small  company 
is  like  the  small  consumer,  with  a  more  variable  load  and  is  in 
greater  need  of  a  two-rate  charging  system. 

Another  point  that  occurs  to  me  is  that  in  water-power  installa- 
tions especially,  the  company  is  justified  in  making  a  special  rate 
to  consumers  who  will  take  current  at  a  time  of  day  when  the  power 
company  can  best  afford  to  furnish  it.  As  Mr.  Jackson  says,  the 
water  is  running  away,  at  an  absolute  loss,  and  the  cost  to  the  com- 
pany would  be  practically  no  greater  if  they  furnished  this  power 
than  if  they  did  not.  Under  those  conditions  it  would  seem  to  me 
the  company  should  be  permitted  to  grant  a  special,  low  rate  to  a 
consumer  who  uses  the  power  at  that  time  of  the  day  when  the  com- 
pany can  best  afford  to  furnish  it.  Those  are  the  two  things  that 
stand  out  most  plainly  to  me  this  evening. 

Mr.  Abbott:  There  is  a  great  deal  of  significance  to  that  remark 
that  the  small  companies  should  be  more  interested  in  the  load  factor 
than  the  larger  companies,  for  the  reason  that  the  larger  companies, 
having  a  larger  number  of  customers,  naturally  would  have  a  greater 
diversity  of  load,  and  the  load  factor  of  any  one  customer  would 
have  less  effect  upon  the  business  of  the  large  company  than  upon 
that  of  the  smaller  companies.     But  I  believe  that,  as  the  speaker 
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said,  the  smaller  companies  give  comparatively  little  attention  to  that 
feature  of  the  question. 

We  have  here  Mr.  Lyman,  of  the  General  Electric,  who  always 
can  speak  well  upon  any  electrical  question. 

Mr.  James  Lyman,  m.w.s.e.  :  Eight  or  ten  years  ago  nearly  all  the 
electric  light  companies,  devoted  most  of  their  attention  toward 
getting  lighting  business,  and  their  load  consisted  largely  of  the 
peak  load  limited  to  a  short  space  of  time.  The  Commonwealth 
Edison  Company  and  some  of  the  other  large  lighting  companies 
realized  that  there  was  a  great  opportunity  to  improve  the  efficiency 
of  their  business  by  a  power  load,  and  very  energetically  went  after 
it,  with  the  results  that  have  been  related  here  this  evening.  Here 
in  Chicago,  with  the  downtown  power  load  of  direct  current  motors, 
the  outskirts  power  load  of  alternating  current  induction  motors, 
and  rotary  converters  for  the  railway  power  energy,  taken  by  the 
elevated  and  surface  roads,  they  are  furnishing  a  heavy  power  load 
at  an  extremely  high  load  factor.  Following  their  example,  a  great 
many  of  the  smaller  electric  light  companies  throughout  the  country 
are  going  after  a  day  load  in  all  sorts  of  power,  in  heating  appliances 
and,  to  a  certain  extent,  cooking  appliances.  A  comparatively  small 
company  in  Iowa  after  selling  induction  motors  for  electric  drive 
to  all  the  other  manufacturing  companies,  finally  persuaded  the 
manufacturer  of  gas  engines  to  give  up  his  gas  engines  and  put  in 
electric  motors  to  drive  his  shop !  This  company  has  a  load  factor 
of  something  over  60%. 

With  almost  all  electric  light  and  power  service,  where  a  large 
amount  of  induction  motor  work  and  arc  light  service  is  given,  both 
the  power  factor  and  load  factor  may  be  improved. 

The  General  Electric  Co.  has  recently  sold  a  number  of  rotary 
condensers  which  are  synchronous  motors  with  over  excited  fields. 
These  are  either  located  at  the  end  of  a  transmission  line,  or  in  the 
power  house  of  the  local  central  station  to  compensate  for  the  lagging 
current  given  by  such  apparatus  as  induction  motors  and  A.  C.  arc 
lights.  1  have  in  mind  a  recent  instance  of  a  large  inductive  motor 
load,  running  light  most  of  the  time,  due  to  a  very  fluctuating  power 
load,  a  2000  kw.  turbogenerator  was  operated  as  a  synchronous 
motor,  with  a  gas  engine  driven  generator  supplying  an  energy  load 
of  from  1500  to  2000  kw.,  with  an  apparent  load  of  some  6000  kilo- 
volt  amperes. 

We  received  today,  a  letter  from  an  engineer  of  a  power  plant  in 
the  mountains  of  Mexico,  who  recently  installed  a  1000  kw.  turbo- 
generator, and  in  speaking  of  the  load  conditions  under  which  he 
was  operating  he  stated  that  he  was  obliged  to  operate  his  turbine 
24  hours  a  day.  In  the  month  of  January  the  turbine  had  delivered 
790,000  kilowatts, — giving  a  load  factor  of  a  little  over  unity,  as  he 
expressed  it,  and  it  was  an  average  load  of  1070  kw.  The  coal  used 
tested  about  10,000  B.t.u.  per  lb.  equivalent  to  3.4  lb.  coal  per  kw. 
hour  at  the  switchboard.     He  has  just  been  making  some  experi- 
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ments  with  crude  oil,  which  showed  a  kw.  hour  at  the  switchboard 
from  30,000  J'J.t.u.  This  is  a  remarkably  good  showing  and  is  in  a 
measure  due  to  the  high  load  factor.  There  is  a  great  deal  of  fuel 
lost  in  the  hanking  of  tires  and  the  fluctuation  of  the  load.  It  is 
possible  to  have,  on  a  large  railway  plant,  a  comparatively  high  load 
factor,  perhaps  for  eighteen  hours  of  the  day,  and  then  for  four  to 
six  hours,  the  load  may  entirely  fall  off,  the  fuel  goes  on  burning, 
and  while  the  load  factor  is  high  the  cost  per  kw.  at  the  switchboard 
is  not  low.  Therefore,  where  power  can  be  sold  in  the  shape  of 
motors  or  of  heating  or  for  electrolytic  work,  for  manufacturing  or 
for  any  other  purpose  that  will  bring  up  the  load  factor  toward  unity, 
operating  cost  will  be  a  minimum.  Wherever  the  power  factor 
is  low,  synchronous  or  rotary  condensers  can  be  used  to  bring  the 
power  factor  up,  and  this  also  will  reduce  the  cost  per  kw.  hour  and 
enable  the  power-house  to  operate  at  maximum  capacity,  thus  re- 
ducing the  fixed  charges. 

Mr.  Abbott:  It  is  generally  known,  or  perhaps  we  had  better 
say,,  hoped,  that  all  the  trunk  lines  centering  in  this  city  are  con- 
templating substituting  electric  power  for  steam.  We  have  with 
us  this  evening  the  Chief  Engineer  of  one  of  those  large  systems 
which  may  possibly  be  among  the  first  to  so  electrify.  I  will  call  upon 
Mr.  W.  B.  Storey  to  see  if  he  can  add  something  to  the  discussion 
this  evening. 

Mr.  IV.  B.  Storey,  m.w.s.e.  :  With  a  chairman  such  as  you  have, 
I  don't  see  as  there  is  any  need  of  my  saying  anything  to  enlighten 
you,  as  he  knows  more  about  the  electrification  of  steam  roads  than 
the  rest  of  us  do,  and  it  is  his  advantage  and  your  gain.  I  notice 
in  the  discussion  several  problems  which  you  are  running  across 
which  we  people,  engaged  in  the  line  of  railroading  run  across.  You 
are  worried  about  the  rate  question, — This  seems  to  be  one  of  the 
things  in  which  there  is  a  difference  depending  on  whether  it  is  a 
user  or  a  buyer  that  is  considering  it.  The  principle  that  you  seem 
to  be  talking  on  appears  to  be  to  get  all  you  can  for  your  power.  I 
would  point  out  that  there  are  many  similar  features  in  that,  to  the 
establishment  of  rates  on  railroads.  With  us  it  is  a  question  of 
getting  all  we  can  for  carrying  freight.  There  is  nothing  I  can  say 
relative  to  the  subject  in  hand  tonight  that  will  help  in  any  way,  so 
I  will  simply  thank  you  for  calling  on  me. 

Mr.  Abbott:  The  North  Shore  Electric  Company  is  represented 
here  this  evening.     I  would  like  to  call  upon  Mr.  J.  L.  Hecht. 

Mr.  J.  L.  Hecht :  The  question  of  load  factor  we  all  know  is  very 
important,  but  Mr.  Lyman's  remarks  lead  to  another  thing  which  I 
think  has  not  been  discussed  fully,  and  it  might  be  called  the  "station 
characteristic.''  For  instance,  in  stations  of  three  or  four  thousand 
Kilowatts  capacity,  the  number  and  size  of  generating  units,  as  well 
as  the  number  and  size  of  boilers,  will  have  a  decided  effect  on  gene- 
rating costs  as  the  output  varies.  As  the  output  of  a  station  increases, 
the  generating  cost  would  undoubtedly  decrease  until  the  point  is 
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reached  when  it  is  necessary  to  start  up  an  additional  generating  unit 
or  to  add  more  labor  or  start  up  additional  boilers.  At  that  point  the 
generating  cost  would  undoubtedly  take  a  slight  rise  and  then  would 
again  decrease  as  the  output  further  increases. 

Before  coming  to  the  meeting  this  evening  I  jotted  down  a  few- 
figures  based  on  actual  conditions  in  two  different  stations.  In  the 
one  station  as  the  output  increased  from  600,000  kilowatts  per  month 
to  800,000,  the  maximum  hourly  output  increasing  at  the  same  time 
from  1500  to  2600  kilowatts,  the  fuel  cost  decreased  14%,  and  the 
labor  cost  decreased  32%.  If  you  will  figure  back  from  the  maxi- 
mum output  you  will  find  that  the  load  factor  decreased  as  this  output 
increased.  And  yet  the  generating  cost  decreased.  In  the  other 
plant  where  the  monthly  output  increased  from  220,000  kilowatts  to 
430,000  kilowatts  (that  is  practically  doubled),  the  maximum  hourly 
output  remaining  practically  constant,  in  other  words,  the  load  factor 
increasing,  the  decrease  in  fuel  was  35%  and  the  decrease  in  labor 
was  44%,  showing  that  the  load  factor  of  course  helped  decrease 
the  generating  cost  considerably,  but  that  the  generating  cost  will 
also  decrease  with  increased  output  even  though  the  load  factor 
becomes  poorer. 

Mr.  Abbott :  Mr.  S.  M.  Bushnell  has  stated  that  he  had  a  good  deal 
of  trouble  in  fixing  rates  for  large  consumers;  I  wonder  if  he  could 
add  something  to  the  discussion  ? 

Mr.  S.  M.  Bushnell,  m.w.s.e.  :  I  don't  know  that  there  is  anything 
I  can  add,  except  to  emphasize  one  point  which  perhaps  has  been 
overlooked  a  little  tonight.  We  have  been  speaking  largely  from 
the  standpoint  of  the  central  station, — the  advantage  of  a  variable 
system  of  rates  from  that  standpoint.  But  I  think  we  also  ought  to 
speak  of  the  advantage  to  the  customer,  the  man  who  is  to  use  the 
power,  of  having  such  a  system  of  rates  as  that  outlined  this  eve- 
ning. I  have  had  occasion,  a  great  many  times,  to  take  up  the  ques- 
tion of  the  cost  of  running  a  small  plant,  and  perhaps  an  approximate 
estimate  would  run  something  like  this :  The  fixed  charges  would 
run  half  and  the  operating  cost  would  run  the  other  half,  and  of  this 
operating  cost  perhaps  the  coal  bill  would  be  about  half.  In  other 
words,  the  coal  would  be  about  one  fourth  of  the  whole  cost.  Now 
the  man  who  is  figuring  on  whether  he  would  use  power  or  not  will 
come  up  against  a  proposition  like  this  in  figuring  on  a  flat  rate. 
On  a  proper  estimate  of  consumption,  the  rate  which  he  will  get  will 
make  him  a  saving,  but  as  he  considers  the  question  as  to  how  much 
power  is  he  going  to  use,  he  is  likely  to  over  estimate  the  amount  of 
power  to  be  used.  I  find  in  nine  cases  out  of  ten  the  tendency  is  to 
over  estimate  rather  than  to  under  estimate  the  amount  of  power  to 
be  used.  Supposing  he  estimates  the  current  consumption  just  double 
what  it  will  actually  run,  he  would  add  possibly  one  fourth  to  the 
cost  of  the  operation  in  his  plant,  that  is  he  will  double  the  amount 
of  his  coal  bill  while  the  cost  from  a  central  station  would  be  doubled 
if  figured  on  a  fixed  price.     This  system  of  charging  that  has  been 
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outlined  tonight,  enables  him  to  figure  out  under  any  condition,  what 
his  rate  will  be  and  gives  him  an  elastic  system  which  will  correspond 
with  the  conditions  under  which  he  will  operate  his  plant. 

Mr.  Abbott:  Is  there  any  other  discussion?  If  not,  I  will  ask  the 
gentlemen  who  presented  the  original  papers  to  submit  their  closing. 
I  will  ask  x\lr.  Waring  to  speak  first. 

Mr.  Waring:  I  don't  think  I  can  say  anything  more;  the  subject 
seems  to  have  been  pretty  fully  covered,  so  I  will  leave  it  with  the 
other  gentlemen. 

Mr.  Abbott:    Mr.  Lloyd,  will  you  add  something? 

Mr.  Lloyd :  There  is  very  little  to  add  to  what  has  been  said 
this  evening,  except  on  the  point  brought  out  by  Mr.  Postel,  that 
there  is  a  possibility  of  small  central  stations  improving  their  load 
factor  by  taking  business  off  the  peak.  In  a  small  town  it  is  possible 
to  watch  all  the  industries  on  the  central  station  closely  to  see  that 
they  live  up  to  their  agreements,  and  has  been  done  in  some  cities. 
In  the  city  of  Chicago,  where  the  Central  Station  Company  is  serv- 
ing over  80,000  customers,  it  is  impossible  to  establish,  at  least  at 
this  time,  a  system  of  rates  that  will  cover  such  conditions.  I  believe 
such  systems  were  in  use  in  Montreal,  but  I  also  believe  that  in  cer- 
tain months  of  the  year  the  consumers  disregarded  their  agreement 
and  ran  on  the  peak  any  way.  And  again,  any  central  station  com- 
pany developing  a  business  in  a  large  center  like  this,  finds  it  possible 
to  make  lower  rates  where  there  is  a  wide  diversity  in  the  maximum 
demand  of  different  industries ;  much  lower  rates  than  they  could 
possibly  make  if  they  tried  to  use  a  system  of  rates  based  on  off-peak 
business. 

Mr.  Abbott:  This  closes  the  discussion  of  these  papers  this  eve- 
ning. I  think  you  will  all  agree  that  the  experiment  of  a  joint  meet- 
ing of  the  two  organizations  here  represented  has  been  such  a  success 
as  to  warrant  a  repetition  of  the  experiment  at  some  favorable  time. 
There  being  nothing  more  to  come  before  the  meeting,  it  stands  ad- 
journed. 
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President  Allen:  The  Western  Society  of  Engineers,  or  rather 
its  parent  body — the  Civil  Engineers'  Club  of  the  Northwest — was 
organized  in  this  city  nearly  forty  years  ago,  and  we  have  therefore 
called  our  membership  together  this  evening  for  a  Reminiscence 
meeting,  to  hear  from  those  who  organized  and  conducted  the 
affairs  of  our  Society  during  its  early  history. 

We  are  fortunate  in  having  a  number  of  our  older  members 
with  us  this  evening,  and  I  wish  to  assure  them  that  this  meeting 
will  be  in  their  hands  and  that  they  have  the  privilege  of  the  house. 

And  first  let  me  call  upon  Mr.  L.  P.  Morehouse,  the  first  Secretary 
of  the  Civil  Engineers'  Club  of  the  Northwest,  who  will  make  the 
opening  address. 

Mr.  L.  P.  Morehouse,  Hon.  m.ws.e:  I  do  not  now  that  I  am 
really  glad  to  appear  before  you  this  evening,  because  it  is  embar- 
rassing for  a  man  not  accustomed  to  public  speaking  to  stand  on 
a  high  platform  and  try  to  talk  to  such  an  audience  as  this.  I  wa^ 
requested  to  come  here  to-night,  however,  and  I  may  say  that  as  a 
general  proposition  whenever  I  have  been  asked  to  do  anything 
for  the  Western  Society  of  Engineers  and  for  its  predecessor  in 
name,  The  Civil  Engineers'  Club  of  the  Northwest,  I  have  always 
responded  to  the  best  of  my  ability.  But  there  is  another  source 
of  embarrassment.  I  suppose  most  of  you  know  the  story  about 
John  and  the  cats.  John  said,  "Grandma,  did  you  hear  the  cats  last 
night?"  to  which  the  grandmother  responded  that  she  did  not. 
John  said,  "Why,  Grandma,  there  were  a  thousand  of  them!"  But 
the  grandmother  assured  him  quietly  that  he  must  be  mistaken,  for 
a  thousand  cats  were  a  good  many.  John  then  said,  "Well,  Grand- 
ma, there  were  a  hundred!"  To  this  the  grandmother  said  that  even 
a  hundred  were  a  good  many.  John  then  very  modestly  replied. 
"Well,  anyway  there  were  two  because  I  saw  them." 

When  I  was  asked  to  come  here  and  say  something  to  you  about 
the  early  history  of  this  organization  I  said  that  I  had  told  it  about 
a  thousand  times.  Then  I  thought  of  John  and  said,  "Well,  I  have 
told  it  at  least  a  hundred  times,"  but  upon  referring  to  the  records, 
where  I  thought  I  would  find  a  statement  of  how  many  times  I 
had  talked  on  this  subject,  I  found  evidence  of  only  two  instances. 

In  the  first  instance  I  seem  to  have  posed  before  you  as  a  his- 
torian ;  the  next  time  I  intimate  that  I  should  have  been  a  poet ; 
to-night  I  ought  to  come,  perhaps,  as  a  writer  of  fiction  founded  on 
fact.  It  is  probable  that  most  of  the  people  who  are  here  this  eve- 
ning were  not  present  on  the  previous  reminiscent  occasions,  and  I 
do  not  know  that  I  can  do  better  than  to  stick  to  what  I  am  reported 
as  having  said  before. 
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In  my  previous  remarks,  published  in  the  Journal  of  February, 
1900,  I  said  that  the  beginning  of  this  organization  was  on  Mav  25, 
1869.  I  will  quote  a  paragraph  which  I  quoted  at  that  time  from  the 
minutes  of  that  meeting : 

"In  pursuance  of  an  invitation  to  them  and  to  other  civil  en- 
gineers, from  Col.  R.  B.  Mason,  the  following  named  gentle- 
men met  at  No.  13  Dickey's  Building,  Chicago,  on  the  evening 
of  Tuesday,  May,  25,  1869:     R.  B.  Mason,  I.  C.  Chesbrough, 
H.  A.  Gardner,  Charles  Paine,  L,  H.  Clarke,  William  Bryson, 
K.  F.  Booth,  Wm.  H.  Clarke,  Max  Hjortsberg,  George  C.  Mor- 
gan, A.  L.  Van  Meenen,  and  L.  P.  Morehouse." 
Of  these  gentlemen,  besides  myself,  I  think  Mr.  Morgan  is  the 
only  one  still  living.     The  last  time  I  saw  him — about  a  year  ago — 
he  was  expecting  to  go  to  California,  and  my  impression  is  that  he 
is  there  now,  building  water-works  as  he  did  in  Chicago. 

For  the  benefit  of  those  who  do  not  know  who  these  gentle- 
men were  I  will  say: 

R.  B.  Mason  at  that  time,  and  for  some  years  afterward,  was 
called  the  Dean  of  the  engineering  profession  in  the  northwest. 
He  was  probably  the  most  widely  known  there  of  any  civil  engineer. 
He  came  to  Illinois  in  1851  as  chief  engineer  of  the  Illinois  Central 
Railroad  and  for  six  years  was  building  that  road.  After  its  com- 
pletion he  went  into  business  as  a  contractor.  He  built  one  or  two 
roads  in  Iowa,  and  then  returned  to  Chicago  to  practice  his  pro- 
fession in  a  general  way.  In  1869  the  principal  work  he  was  en- 
gaged on  was  the  construction  of  the  Dunleith  and  Dubuque  bridge 
over  the  Mississippi  river,  which  I  think  was  begun  in  the  spring  of 
that  year  and  completed  in  December.  The  next  year  he  was  made 
chief  engineer  on  the  work  of  deepening  the  Illinois  and  Michigan 
canal  so  as  to  take  the  water  from  the  Chicago  river  and  provide 
a  new  method  of  disposal  of  the  sewage  of  the  City  of  Chicago.  He 
was  Mayor  of  Chicago  at  the  time  of  the  great  fire,  having  been 
elected  a  year  after  our  Society  was  organized. 

I.  C.  Chesbrough  was  a  brother  of  E.  S.  Chesbrough  and  was 
connected  with  the  engineer  department  of  the  City  of  Chicago. 
H.  A.  Gardner  was  chief  engineer  of  the  Michigan  Central  Railroad. 
Charles  Paine  was  division  engineer  on  the  Lake  Shore  and  Michi- 
gan Southern  Railway.  I  will  state  here  that  Mr.  Paine  was  the 
father  of  this  Society,  and  while  the  invitation  to  attend  the  first 
meeting  went  out  in  the  name  of  Col.  Mason  because  he  was  so  well 
known,  Mr.  Paine  was  really  the  founder.  As  many  of  you  know, 
he  filled  some  very  important  positions  in  the  engineering  world. 
He  left  Chicago  to  become  general  superintendent  of  the  Lake  Shore 
and  Michigan  Southern  Railway,  resigning  that  position  to  take 
that  of  chief  engineer  to  build  the  West  Shore  road. 

L.  H.  Clarke  was  chief  engineer  of  the  Illinois  Central  Railroad. 
He  afterwards  filled  several  positions  of  a  similar  character,  going 
from  the  Illinois  Central  in  1877  to  the  Lake  Shore  and  Michigan 
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Southern  as  chief  engineer.  At  one  time  he  was  city  engineer  of 
Chicago.  Mr.  Bryson  was  connected  with  the  engineer  department 
of  the  City  of  Chicago.  Mr.  Booth  was  chief  engineer  of  the  Chi- 
cago and  Alton  Railroad.  W.  H.  Clarke  was  connected  with  the 
engineering  department  of  the  City  of  Chicago,  and  was  the  engi- 
neer in  charge  of  the  first  tunnel  that  was  constructed  under  the 
lake.  Mr.  E.  S.  Chesbrough,  city  engineer,  was  the  designer  of 
the  tunnel  and  advanced  what  was  then  considered  the  wild  idea 
of  going  out  two  miles  under  Lake  Michigan  to  obtain  pure  water 
for  Chicago.  I  should  like  to  say  that  he  was  present  at  our  first 
meeting,  but  the  records  do  not  sustain  me. 

Mr.  Hjortsberg  was  chief  engineer  of  the  Chicago,  Burlington 
and  Quincy  Railroad.  Mr.  Morgan  was  in  private  practice,  I  think. 
Mr.  Van  Meenen  was  chief  engineer  of  the  Chicago  and  North- 
western Railway.  Mr.  Morehouse  was  assistant  engineer  on  the 
Illinois  Central  Railroad. 

These  are  the  people  who  were  present  at  the  first  meeting  and 
when  we  remember  that  it  was  forty  years  ago,  it  gives  some  little 
interest  to  the  matter. 

Referring  again  to  the  minutes  of  that  meeting  as  printed  in 
the  Journal,  I  find  it  recorded :  "Resolved,  that  we,  the  civil  engi- 
neers of  Chicago  here  assembled,  now  form  a  club  to  be  called  The 
Civil  Engineers'  Club  of  Chicago."  I  had  never  noticed  this  wording 
of  that  resolution  until  a  few  days  ago;  "we,  the  civil  engineers  of 
Chicago."  In  going  back  to  the  original  minutes,  however,  I  found, 
much  to  my  relief,  that  the  printer  had  carelessly  inserted  the  word 
"the,"  and  that  this  word  does  not  appear  in  the  original  record. 

After  this  resolution  a  committee  was  appointed  to  report  a  plan 
of  organization  at  the  next  meeting  and  that  committee  discharged 
its  duty. 

Further  in  the  records  we  find  that  Mr.  Paine  offered  a  resolu- 
tion, which  was  unanimously  adopted,  "That  the  Secretary  is  hereby 
directed  to  prepare  an  alphabetical  list  of  the  names  of  the  members 
of  the  Club,  and  that  each  member  be  required  to  present  to  the 
Club  in  his  turn  a  paper  upon  some  professional  subject  to  be  chosen 
by  himself,  one  paper  to  be  read  at  each  meeting."  Resolution  2 : 
"That  any  member  whose  turn  it  may  be  to  supply  a  paper  shall 
be  notified  thereof  by  the  Secretary  as  soon  after  the  monthly  meet- 
ing which  precedes  his  turn  as  may  be,  and  such  member  shall  be 
responsible  for  the  reading  of  the  paper  at  the  next  monthly  meet- 
ing ;  and  if  for  any  cause  he  shall  be  unable  to  read  a  paper  it  shall 
be  incumbent  upon  him  to  procure  a  substitute  who  will  read  one, 
and  to  notify  the  Secretary  of  the  name  of  the  substitute  for  the 
evening." 

Now  let  us  see  how  these  resolutions  worked.  The  first  name  on 
the  list  began  with  B — Mr.  Blunt :  he  presented  a  paper  on  the  sub- 
ject of  Railroad  Frogs,  which  I  remember  produced  considerable 
discussion.     To  Mr.  Blunt  is  due  the  honor  of  presenting  the  first 
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paper  before  the  Society,  and  as  most  of  you  know,  Mr.  Blunt  takes 
almost  as  much  interest  in  the  Society  at  the  present  time  as  he  did 
at  that  time. 

Shortly  after  the  resolutions  above  referred  to,  we  find  the  fol- 
lowing record  in  the  minutes :  "The  Secretary  read  a  letter  from 
Mr.  Robert  Harris,  sending  in  his  resignation  as  a  member."  After 
discussion  of  the  matter  and  upon  motion  it  was  resolved,  "That 
the  Secretary  be  directed  to  inform  Mr.  Harris  that  his  name  begins 
with  'H'  and  that  a  long  time  was  before  him  before  he  would  be 
called  on  for  a  paper,  and  that  his  resignation  would  not  be  ac- 
cepted." 

The  Society  seemed  to  be  in  a  comfortable  condition  in  this  early 
period ;  for  instance,  the  Club  was  organized  in  May,  and  in  Decem- 
ber of  that  year  it  was  resolved,  "That  the  Secretary  be  and  hereby 
is  directed  to  suspend,  until  further  action  of  the  Club,  the  collection 
of  the  initiation  fee  provided  for  by  the  constitution."  It  is  noted 
in  this  connection  that  "nobody  had  paid  any  initiation  fee  up  to 
that  time  and  that  nobody  had  paid  any  dues.  We  were  in  a  very 
prosperous  condition."  Very  soon  after  this,  the  records  show  that 
the  Secretary,  at  the  request  of  several  members,  "had  directed  that 
a  collation  be  served  at  the  close  of  the  business  meeting."  Also 
that,  "upon  motion  it  was  resolved  that  the  action  of  the  Secretary 
be  endorsed  and  that  he  be  empowered  to  pay  for  the  collation." 

I  quote  again  from  the  Journal  report : 

"We  held  our  meetings,  at  that  time  in  the  club  rooms  of  the 
Sherman  House,  for  which  no  charge  was  made ;  so,  when  the  year 
came  to  a  close  we  thought  it  proper  to  give  a  collation,  as  we 
called  it,  at  the  Sherman  House,  and  give  the  proprietors  the  bene- 
fit of  what  they  might  get  out  of  that  by  way  of  paying  the  rent. 
So,  for  several  years  we  gave  a  'collation'  at  the  expense  of  the 
Club  and  for  the  benefit  of  the  proprietors  of  the  Sherman  House." 

"I  find  that  the  gentleman  who  made  the  first  payment  in  money 
to  the  Society  was  Mr.  Chanute,  but  the  money  was  promptly  re- 
funded to  him  as  he  had  not  been  present  at  a  meeting." 

I  should  have  referred  to  a  resolution  to  the  effect  that  dues 
should  be  collected  from  each  member  for  the  current  year,  payable 
at  the  first  regular  meeting  at  which  he  might  be  present,  and  the 
gentlemen  who  had  paid  dues  and  had  not  attended  a  meeting  had 
their  dues  refunded  to  them.  The  result  was  that  when  a  member 
attended  the  first  meeting  he  was  called  upon  to  pay  dues,  which 
looked  like  fining  him  for  being  present. 

It  might  seem  a  little  singular  not  to  find  the  names  of  persons  on 
the  list  that  you  would  suppose  would  be  on  the  roll,  but  the  explana- 
tion is  that  those  gentlemen  did  not  conie  to  a  meeting  for  several 
months  after  they  were  members,  and  therefore  the  names  do  not 
appear  in  the  Treasurer's  list  (the  Secretary  and  Treasurer  were 
one  person  then)  until  after  they  had  attended  a  meeting. 

After  the  meeting  of  January  13,  1873,  referred  to  in  the  proceed- 
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ings  of  the  Society,  February,  1900,  page  56,  the  Club  held  its  meet- 
ings in  the  Rookery. 

We  all  know  what  the  Rookery  building  means  today,  but  in  those 
days  the  Rookery  did  not  mean  what  it  does  now.  The  first  name 
was  simply  "The  Tank."  The  tank  which  afterwards  became  the 
Rookery  was  a  reservoir,  an  iron  tank  built  by  the  City  of  Chicago 
in  about  1852,  when  the  water- works  were  being  constructed  here, 
and  that  tank  as  a  reservoir  had  been  used  for  many  years.  Still,  it 
was  considerable  of  a  building  and  after  the  fire  the  City  built  some 
temporary  brick  buildings  around  this  tank,  known  as  the  City  Hall. 
We  remained  in  The  Tank  until  September,  and  we  found  it  a  cool 
place  for  the  summer.  We  then  went  back  to  the  Academy  of 
Sciences,  but  this  time  we  had  more  comfortable  quarters  than  a  door- 
way ;  we  assembled  there  for  about  a  year.  Then  we  made  arrange- 
ments with  the  Chicago  Chapter  of  the  American  Institute  of  Archi- 
tects. That  was  the  first  time  we  paid  rent  for  our  rooms,  and  we 
were  then  independent  of  the  hospitality  of  other  people.  Later  on 
we  went  to  the  rooms  of  the  Chicago  Atheneum,  where  we  had  very 
comfortable  quarters  for  quite  a  while.  From  there  we  went  to  the 
Honore  block,  occupied  then  by  the  Western  Railroad  Association. 
After  that  we  made  changes  from  time  to  time,  which  are  not  at  all 
interesting  now. 

I  think  I  will  close  with  words  which  I  used  on  the  previous 
"reminiscence"  occasion;  they  are  just  as  appropriate  now,  gentle- 
men, as  they  were  then,  and  they  will  be  just  as  appropriate  as  long 
as  I  live  : — 

"I  cannot  refrain  from  adding  at  this  time  that  in  all  the  years  of 
my  connection  with  this  Society  and  my  association  with  the  different 
members,  many  of  whom  I  have  known  so  well,  it  has  been  one  of 
the  greatest  pleasures  of  my  life  to  see  not  only  the  physical  works 
which  many  of  these  gentlemen  have  superintended  or  carried  out — 
the  works  which  will  remain  after  they  have  passed  away — but  to 
have  associated  with  these  gentlemen  who  have  made  a  record  in 
their  personal  lives,  and  placed  before  the  community  the  evidence 
that  engineers  can  make,  not  only  monuments  of  stone  and  of  metal 
that  shall  endure,  but  shall  make,  can  make,  do  make,  character  for 
themselves,  the  remembrance  of  which  will  not  be  forgotten  by  their 
friends  or  by  any  community  in  which  they  may  live." 

President  Allen :  We  are  glad  to  find  out  where  the  modern 
methods  of  "frenzied  finance"  had  their  beginning.  Many  modern 
Captains  of  Industry  would  give  a  good  deal  to  learn,  the  secret 
through  which  all  bills  were  paid  and  obligations  met  without  the 
collection  of  any  dues.  Perhaps  some  of  our  other  distinguished 
members  can  tell  us  more  about  the  methods  and  ways  of  doing  this. 
Personally  I  am  glad  that  the  method  of  assigning  the  writing  of 
papers  alphabetically  is  not  in  vogue  in  these  days,  as  I  should  have 
to  come  in  quite  early  in  the  "game." 
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Our  Society  has  had  a  long  and  varied  career,  and  these  quarters 
that  you  see  here  are  evidence  of  prosperity,  but  whether  we  have 
increased  in  quality  of  membership  and  personal  attainments  as  we 
have  in  wealth  is  another  question. 

We  have  with  us  this  evening  one  of  our  oldest  members,  who  has 
come  all  the  way  from  Tennessee  to  attend  the  meeting,  and  we  are 
much  pleased  to  welcome  him.  I  take  great  pleasure  in  introducing 
Mr.  C.  H.  Hudson. 

Mr.  C.  H.  Hudson,  m.w.s.e.  :  I  have  been  asked  to  present  on  this 
occasion  some  remarks  relating  to  the  early  days  of  this  society,  and 
will  venture  a  few  words,  notwithstanding  the  fact  that  public  speak- 
ing is  not  one  of  the  strongholds  of  the  profession. 

Forty  years  have  passed  since  a  small  company  of  gentlemen,  in 
the  city  of  Chicago,  met  and  formed  the  Engineers  Club,  which  has 
grown  into  your  present  society.  They  had  in  view  largely  the  social 
features  of  such  an  organization,  though  incidentally  expecting,  no 
doubt,  that  they  would  derive  some  professional  benefit  from  it. 

These  gentlemen  were  of  high  character,  engineers  of  ability,  and 
many  of  them  then  of  national  reputation.  Prominent  among  them 
we  find  the  names  of  Col.  R.  B.  Mason,  the  first  President  of  the 
Club,  well  known  in  those  days  in  connection  with  the  Illinois  & 
Michigan  Canal,  as  well  as  with  the  early  development  of  Chicago ; 
Mr.  E.  S.  Chesbrough,  the  father  of  the  Water  and  Sewer  System 
of  Chicago,  in  the  development  of  which  he  spent  many  of  the  best 
years  of  his  life;  Mr.  D.  W.  C.  Cregier,  an  able  assistant  of  Mr. 
Chesbrough ;  Mr.  E.  B.  Talcott,  an  important  factor  in  the  Chicago 
&  North  Western  Railway  in  its  early  days ;  Mr.  Robert  Harris,  then 
at  the  head  of  the  Chicago,  Burlington  &  Quincy  Railroad,  and  in 
the  later  years  of  his  life  active  in  the  management  of  the  Erie  and 
the  Northern  Pacific  Railways ;  and  Mr.  Charles  Paine,  of  the  Lake 
Shore  and  Michigan  Southern  Ry. 

These  and  many  others  have  passed  away,  but  there  were  also 
men  younger  in  years,  who  are  still  with  us,  and  who  have  continued 
during  all  these  years  to  contribute  not  only  to  the  expansion  and 
development  of  your  society,  but  also  to  the  general  advancement 
of  the  Profession.  Among  those  are  names  familiar  to  you,  Mr. 
L.  P.  Morehouse  for  twenty  years  the  honored  secretary  of  your 
society;  Mr.  John  E.  Blunt;  Mr.  Walter  Katte  and  Mr.  Octave 
Chanute ;  all  now  veterans  of  large  experience  and  ability. 

Such  men  as  these  formed  your  society,  which  with  their  aid,  and 
the  aid  of  others  of  like  character,  has  grown  in  extent  and  useful- 
ness until  now  it  numbers  upwards  of  one  thousand,  and  as  a  factor 
in  the  Engineering  World,  stands  second  to  none.  Its  members  are 
found  in  every  clime  from  the  Atlantic  Ocean  to  China,  the  Philip- 
pines and  New  Zealand ;  and  from  Hudson's  Bay  to  Brazil. 

It  was  my  good  fortune  to  join  the  Club  in  1876,  or  seven  years 
after  its  organization  ;  and  I  am  ranked  to-day  among  the  older  living 

April,  1909 


208  Reminiscence  Meeting — March  24,  IQ09 

members.  I  think  there  are  an  even  dozen  who  have  been  longer 
with  the  society  than  have  I.  Among  these  I  find  the  name  of  Mr. 
D.  J.  Whittemore,  of  the  Chicago,  Milwaukee  &  St.  Paul  Ry.,  and 
under  whom  it  was  my  pleasure  to  serve  in  my  early  life. 

Mr.  Whittemore's  position  today  is  a  very  unusual  and  unique  one, 
he  having  served  the  same  interests  upwards  of  half  a  century,  dur- 
ing which  time  it  has  been  his  privilege  to  condemn  some  of  his 
earlier  work  and  rebuild  it  on  better  lines.  It  is  to  be  hoped  that  he 
has  been  charitable  towards  the  original  constructor,  knowing  as  he 
must,  the  conditions  and  restrictions  under  which  the  work  of  the 
earlier  day  was  done. 

Other  names,  prominent  in  the  Engineering  world,  who  have  been 
active  in  your  society,  some  still  active  and  some  of  the  'silent  major- 
ity' might  be  added  did  time  permit. 

That  your  society  has  played  an  important  part  in  the  advancement 
of  the  science  of  Engineering  is  unquestioned ;  and  that  it  will  con- 
tinue to  exert  a  strong  influence  in  the  same  line  is  equally  certain. 

It  is  quite  likely  that  some  of  the  younger  of  our  members  do  not 
fully  appreciate  the  changes  that  have  taken  place  during  these  forty 
years  of  the  existence  of  our  society.  In  those  early  days  there  was 
little  of  the  specializing  that  we  see  today,  but  the  Engineer  had 
to  tackle  all  sorts  of  problems,  whether  mechanical,  mining,  sanitary 
or  other  character,  and  very  frequently  upon  lines  that  had  not  been 
'threshed  out'  so  to  speak.  He  had  to  grope  in  the  dark,  study  the 
matter  under  consideration,  and  use  his  own  judgment,  and  I  may 
add  with  truth,  his  Nerve,  for  not  un frequently  there  was  some  ques- 
tion as  to  the  final  results,  and  it  required  a  man  of  nerve  to  con- 
fidently take  the  risks  which  sometimes  seemed  necessary  to  accom- 
plish the  desired  end. 

The  original  Lake  Tunnel  of  Mr.  Chesbrough,  built  fifty  years 
ago.  modest  though  it  is  when  compared  with  those  of  recent  years, 
was  in  a  new  field,  and  was  more  of  an  undertaking  at  that  time, 
than  are  the  modern  and  more  extensive  ones  today,  with  the  light 
of  the  fifty  years'of  experience  to  guide  the  builders. 

There  is  no  more  hesitancy  today  in  undertaking  the  proposed  Sub- 
way from  the  Catskills  for  the  New  York  Water  Supply,  than  there 
was  in  undertaking  the  original  construction  of  the  Croton  Water 
Works,  though  as  an  engineering  question  the  Subway  plan  is 
vastly  more  difficult. 

I  think  some  of  the  older  of  our  members  could  tell  interesting 
tales  of  their  trials  and  experiences  in  their  early  work  in  partially 
explored  fields.  For  instance  in  connection  with  the  bridging  some 
of  our  larger  western  rivers. 

Because  of  their  experiences,  however,  the  same  problems  can  be 
more  easily  handled  today,  and  quite  likely  at  less  cost. 

Subjects  that  are  now  laid  down  in  the  books  quite  fully,  and  in 
which  instruction  by  able  teachers  can  be  had  in  all  our  technical 
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schools,  were  in  the  olden  time  not  touched  upon,  or  at  best  but 
vaguely  treated,  with  little  to  guide  the  student,  beyond  the  general- 
ities. He  had  to  be  satisfied  with  the  little  light  given,  and  then 
apply  the  principles  as  his  judgment  dictated  or  guided  him. 

The  Founders  of  our  society  builded  better  than  they  knew,  and 
their  achievements  should,  and  doubtless  will  inspire  the  younger  of 
our  member-,  and  those  that  are  to  come,  to  equally  good  work, 
not  only  for  their  own  pleasure,  but  for  the  benefit  of  those  who  are 
to  follow  them. 

President  J  lien  :  We  have  with  us  this  evening  Mr.  Benezette 
Williams,  who  served  as  President  of  this  Society  during  the  year 
1885.    We  should  like  to  hear  from  him. 

Mr.  Benezette  Williams,  m.w.s.e.:  I  came  to  listen  to  what 
others  might  say.  rather  than  to  speak  myself,  and  I  do  not  think  I 
can  add  much  to  what  our  friend  Mr.  Morehouse  has  said.  \\  nen  I 
joined  the  Society  in  1873  Mr.  Morehouse  was  Secretary,  and  a  more 
diligent  and  faithful  one  it  would  be  hard  to  find.  The  account  given 
by  him  this  evening  of  his  efforts  to  find  the  rooms  of  the  Academy 
of  Sciences  is  evidence  of  that.  Among  the  early  members  alluded 
to  by  Mr.  Morehouse  were  some  notable  men,  especially  Mr.  dies- 
brough,  Mr.  Mason,  and  Mr.  Paine.  I  served  as  an  assistant  to  Mr. 
Chesbrough  for  a  number  of  years  and  know  that  his  high  standing 
as  an  engineer  and  a  man  was  fullv  merited.  This  Society  has  had 
the  honor  of  producing,  so  to  speak,  two  Mayors, — Col.  Mason  and 
Mr.  Cregier. 

I  believe  Mr.  Morehouse  failed  to  mention  the  very  excellent 
quarters  which  we  occupied  for  a  time  in  the  American  Express 
Company's  building.  These  were  by  far  the  best  rooms  that  the 
Society  occupied  prior  to  locating  in  the  Monadnock  building. 

The  present  large  membership  of  the  Society  brings  to  mind  the 
many  years  that  the  membership  was  not  sufficient  to  properly  main- 
tain permanent  quarters  and  that  when  we  reached  300  it  seemed  a 
great  achievement.  Chicago  having  become  a  great  industrial  center 
for  engineering  matters  of  all  kinds  the  more  than  trebled  member- 
ship is  easier  kept  than  300.  twenty-five  years  ago. 

While  I  have  not  been  able  to  attend  as  many  meetings  of  late  as 
I  should  like,  my  interest  is  still  just  as  great  as  ever. 

President  Allen  :  I  regret  very  greatly  that  all  of  the  surviving 
members  of  our  early  organization  could  not  have  been  here  this 
evening,  but  we  have  received  letters  from  many  of  those  who  could 
not  come.  These  letters  have  been  received  from  all  parts  of  the 
country  and  indicate  that  those  members  still  think  of  our  Society 
and  have  a  warm  place  for  it  in  their  hearts.  We  shall  now  have 
the  pleasure  of  hearing  these  letters,  which  will  be  read  by  the  Sec- 
retary. 

Mr.  Richard  Price  Morgan,  m.w.s.e..  Dwight,  111.  1  by  letter  1  :  I 
very  much  regret  that  I  cannot  be  with  the  "Elders"  of  our  Society 
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tomorrow  night.  I  am  quite  sure  I  am  old  enough,  but  other  condi- 
tions debar  me  from  the  pleasure. 

I  could  tell  two  or  three  hundred  yarns  myself,  some  of  them  not 
so  bad  as  they  might  be.  I  wish  for  all,  a  good  social  time  full  of 
honor  and  utterly  without  money  profit. 

The  address  of  Gen.  Dodge  was  very  interesting  to  me  and  will  be 
instructive  to  younger  members. 

[An  interesting  letter  to  Mr.  Morgan,  from  President  Lincoln,  has 
been  reproduced  in  fac-simile  in  Mr.  Morgan's  letter  paper  and  is 
here  printed  as  of  historical  value.] 

EXECUTIVE  MANSION. 

Washington,  D.  C,  October  16,  1863. 

To  the  Officers  of  the  Pacific  Railroad: 

Richard  P.  Morgan,  bearer  of  this,  is  my  personal  acquaintance 
and  friend,  whom  I  would  like  to  have  obliged  in  any  reasonable 
way.  I  became  acquainted  with  him,  while  he  was  acting  as  a  Rail- 
road Civil  Engineer,  and  I  knew  him  long  enough  and  well  enough 
in  this  capacity  to  believe  him  to  be  both  competent  and  faithful. 

Yours,  etc., 

A.  Lincoln. 

Mr.  T.  J.  Nicholl,  m.w.s.e.,  New  York  (by  letter)  :  It  gives  me 
great  pleasure  to  respond  to  your  very  kind  invitation  to  be  present 
at  the  reunion  of  the  Western  Society  of  Engineers  on  the  eve- 
ning of  March  24,  1909.  It  will  simply  be  out  of  the  question  for 
me  to  be  with  you  in  person,  the  loss  however  will  be  mine,  and  I 
shall  do  the  next  best  thing,  by  writing  and  wishing  you  all  good 
cheer,  etc. 

In  looking  over  the  official  list  of  active  members,  I  see  that  my 
membership  dates  back  to  September  10,  1872,  also  that  there  are  still 
alive  only  seven  of  the  original  members  of  the  Civil  Engineers  Club 
of  the  Northwest  of  older  dates  than  mine,  namely  Messrs.  L.  P. 
Morehouse,  John  E.  Blunt,  O.  Chanute,  A.  Comstock,  Walter  Katte, 
A.  W.  Paige  and  D.  J.  Whittemore.  Benezette  Williams  was  made  a 
member  about  one  month  after  me. 

If  my  memory  serves  me  rightly,  we  had  about  forty  members 
when  I  was  proposed,  and  nearly  all  of  them  have  passed  to  "the 
great  beyond"  since  then,  but,  it  is  to  the  untiring  energy  and  hard 
work  of  such  men  as  Col.  R.  B.  Mason,  E.  S.  Chesbrough,  L.  H. 
Clark,  Max  Hjortsberg,  K.  F.  Booth,  D.  C.  Cregier  and  L.  P.  More- 
house that  the  present  society  of  over  one  thousand  members  owes  its 
greatness.  Who  will  ever  forget  these  great  and  good  men  who  laid 
our  foundations  so  well  and  true.  Well  may  we  be  proud  of  our 
society  and  wish  it  success  in  the  future. 

We  -had  our  headquarters  in  so  many  places  that  I  cannot  recol- 
lect the  names  of  streets  or  the  numbers,  but,  I  do  recollect  one 
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meeting  we  held  out  of  doors  altogether,  in  a  severe  snow  storm, 
somewhere  on  State  Street,  I  think  near  Washington,  Mr.  More- 
house and  about  three  others  in  addition  to  your  humble  servant  were 
present.  The  meeting  was  held  in  a  doorway  by  the  light  of  matches. 
I  cannot  recall  why  it  was  held  there,  but,  the  Secretary  had  either 
left  his  key  at  home,  the  storm  was  so  bad  we  could  not  find  the 
room,  or  else  we  were  not  inclined  to  go  to  it ;  at  all  events,  the  Sec- 
retary kept  a  record  of  the  meeting.  It  seems  to  me  that  E.  S.  Ches- 
brough  was  also  present  on  that  occasion  as  he  was  President,  and 
1  also  believe  we  elected  some  new  member  that  night,  which,  of 
course,  the  records  will  show.  No  doubt  Mr.  Morehouse  will  re- 
member the  meeting  well.  Alas  !  time  has  brought  wonderful  changes 
both  in  our  little  society  as  well  as  the  great  city  where  it  was  born. 
I  have  in  mind  my  first  paper  about  the  seventh  or  eighth  ever  read 
before  the  club.  It  was  in  a  very  small  room,  I  think,  on  Randolph 
Street,  and  the  subject  was  "Rapid  Transit  in  Cities."  Think  of  it, 
and  also  think  of  the  nerve  of  me,  a  mere  boy,  reading  a  paper  upon 
such  a  tremendous  subject,  before  such  men  as  above  referred  to, 
all  of  whom  were  there  and  several  others.  Especially  do  I  recollect 
Mr  Robert  Harris  (he  was  a  member  I  believe,  but  not  listed  amongst 
the  deceased),  at  that  time  President  of  the  C.  B.  &  Q.  Ry.,  and  after- 
wards of  the  Northern  Pacific,  because  he  made  some  lengthy  and 
very  pertinent  remarks  on  the  subject.  Now,  if  the  City  of  New 
York  had,  at  that  time,  built  subways  instead  of  elevated  railways, 
what  a  Godsend  it  would  have  been  to  the  present  inhabitants.  Still 
at  that  time,  I  favored  the  elevated  railways  because;  1st,  I  did  not 
understand  what  a  nuisance  they  were ;  2nd,  I  had  no  idea  of  beauty, 
as  related  to  the  growth  of  cities ;  3d,  they  were  cheaper ;  4th,  no 
one  ever  supposed  that  New  York  would  outgrow  their  usefulness. 
Besides  all  this,  I  simply  knew  what  I  had  read  or  heard  about  the 
celebrated  Greenwich  Street  Railroad,  but  enough  of  this.  "What 
might  have  been"  is  dead,  and  let  us  hope  that  our  Engineers  of  the 
future,  will  think  well  before  they  recommend  or  try  to  make  the 
public  pay  for  their  mistakes.  Great  reputations  and  supposed  suc- 
cess have  caused,  and  I  suppose  will  yet  cause,  many  a  national  as 
well  as  a  municipal  error. 

Now,  as  regards  my  personal  experience  about  the  time  of  the  be- 
ginning of  the  Western  Society,  let  me  say  just  a  few  words.  In 
early  life  I  was  with  my  father  who  was  a  Division  Engineer  on  the 
Grand  Trunk  Railway  of  Canada.  I  came  to  Chicago  a  poor  boy  in 
1867,  soon  after  the  close  of  the  war,  with  about  $100,  in  old  and  well 
worn  "shin  plasters,"  as  dirty  and  ragged  as  any  money  ever  was, 
but,  it  secured  board  and  lodging  in  the  last  house  on  State  Street, 
corner  of  31st  and  near  where  the  Douglas  Camp  of  Southern  pris- 
oners used  to  be,  also  where  you  changed  from  horse  cars  to  the 
steam  dummy  for  the  Stock  Yards.  It  was  some  time  before  I  got 
employment,  but  I  succeeded  at  last  in  architects  office  (Mr.  Wad- 
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skier's).  Then  I  changed  to  Foster  &  Swift,  surveyors  office,  and 
S.  S.  Greeley  with  whom  I  made  many  city  surveys ;  was  often  at  the 
old  red  cedar  stake  marking  section  corner  at  State  and  Madison 
Streets.  Laid  out  the  village  of  Washington  Heights  and  Nor- 
wood, also  part  of  Riverside  with  Messrs.  Olmsted  &  Vaux,  after 
which  I  was  employed  by  Max  Hjortsberg  to  go  to  Galva,  Illinois, 
and  acted  as  Division  Engineer  until  that  branch  of  C.  B.  &  Q.  was 
completed  to  New  Boston.  Then  went  to  Bloomington,  Illinois,  as 
Assistant  Chief  Engineer  under  Col.  R.  P.  Morgan  of  the  Lafayette, 
Bloomington  &  Mississippi  Railway  and  through  whose  influence  I 
afterwards  became  Chief  Engineer  of  the  Plymouth,  Kankakee  & 
Pacific  (now  the  three  Fs  Ry.)-  Nearly  all  this  time  I  lived  in  or 
near  Chicago  and  was  in  constant  touch  with  the  Engineers  Club  of 
the  Northwest,  since  which  time  my  experience  has  been  so  varied 
and  so  far  reaching,  that  it  would  not  be  interesting  to  the  Society. 

Let  me  say,  in  conclusion,  that  the  Society  has  done  me  a  great 
deal  of  good  even  in  its  small  days  and  it  cannot  fail  to  be  a  great 
assistance  to  the  future  generations  of  the  West.  The  American 
Society  has  its  work  in  the  East,  but,  how  much  greater  is  the  West 
in  every  respect,  besides  the  West  is  truly  American. 

Mr.  Walter  Katte,  m.w.s.e.,  Irvington-on-the-Hudson,  N.  Y.  (by 
letter)  :  I  regret  very  much  my  inability  to  be  present,  in  person, 
on  the  occasion  of  the  "Reminiscent  Reunion"  of  the  members  of  the 
Western  Society  of  Engineers,  to  be  held  on  the  evening  of  March 
24th.  Had  it  been  possible,  I  am  sure  nothing  could  have  given  me 
more  gratification  than  the  pleasure  of  spending  this  evening  with 
you,  and  in  once  more  cordially  greeting  the  little  band  of  only  some 
four  or  five  of  us  now  left,  of  the  less  than  a  round  dozen,  who  par- 
ticipated in  the  planting  of  the  little  seed  some  forty  years  ago,  which 
has  proved  to  be  the  nucleus  from  which  has  been  evolved  your 
stalwart  institution  of  1909. 

Although  your  earliest  elective  membership  bears  date  of  about  the 
middle  of  1869,  if  my  present  recollection  is  not  at  fault,  the  incep- 
tion really  occurred  in  the  latter  part  of  1868  and  early  in  1869,  when 
after  it  had  been  talked  over  from  time  to  time  privately,  between 
a  few  of  us  of  the  engineering  fraternity  living  in  Chicago,  we  de- 
cided to  try  and  get  up  a  little  meeting  in  order  to  draw  out  a  con- 
census of  opinion  on  the  subject.  We  succeeded  in  getting  together 
one  evening,  about  a  dozen,  T  think,  and  held  our  meeting  in  a  little 
back  parlor  of  the  old— "before  the  fire" — SJierman  House!  This 
meeting  was  attended,  as  far  as  I  can  now  remember,  by  Col.  R.  B. 
Mason  (your  first  President),  Mr.  Morehouse  (your  first  Secretary  >, 
and  Messrs.  Chesbrough,  Booth,  Blunt,  W.  II.  Clark,  Hjortsberg, 
Pope,  Paine,  Chanute,  O.  B.  Green  and  myself. 

We  found  the  sentiment  unanimously  and  warmly  in  favor  of 
trying  to  effect  an  organization  of  some  kind,  either  club,  association 
or  society  for  the  mutual  benefit  and  improvement,  professionally 
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and  socially,  of  the  whole  body  of  the  engineering  fraternity  of  the 
Northwest,  and  especially  of  those  residing  in,  and  in  the  vicinity 
of  Chicago,  and  those  to  whom  Chicago  was  their  natural  business 
center. 

As  to  the  measure  of  success  which  attended  and  resulted  from 
this  little  beginning,  words  from  me  are  quite  superfluous  to  the 
present  membership  of  the  Western  Society  of  Engineers.  An  initial 
organization  was  effected  in  the  spring  of  1869  under  the  name  of 
the  "Civil  Engineers  Club  of  the  Northwest,"  if  my  memory  serves 
me  right,  and  from  that  time  until  now  its  progress  has  been  "on- 
ward and  upward,"  so  that  to-day  it  stands  a  most  notable  example 
of  the  truth  of  the  old  saying,  "great  oaks  from  little  acorns  grow," 
and  can  proudly  point  to  its  own  record  as  its  best  monument. 

I  will  not  tire  you  with  any  further  reminiscences  of  those  early 
days ;  indeed,  it  would  be  a  work  of  supererogation  on  my  part  to 
do  so,  while  you  have  still  with  you  so  able  an  historian,  in  the  per- 
son of  my  old  friend,  Mr.  Morehouse.  Personally,  I  was  able  to  do 
but  very  little  to  advance  the  interests  of  the  young  Society  after 
these  early  days,  owing  to  my  being  obliged  to  take  up  my  residence 
in  St.  Louis  in  order  to  take  personal  charge  of  the  erection  of  the 
Eads  steel  arch  bridge  superstructure,  which  occupied  my  entire 
attention  for  over  four  years,  and  subsequent  removal  to  New  York 
in  fulfillment  of  professional  engagements  upon  the  New  York  Ele- 
vated, New  York,  West  Shore  and  Buffalo,  and  New  York  Central 
and  Hudson  River  railroads.  This  widened  the  breach  separating 
me  from  you,  notwithstanding  which,  permit  me  to  assure  you,  that 
my  interest  in  the  progressive  welfare  of  this  "tall'  oak"  which  has 
grown  from  the  little  acorn,  I  helped  a  little  to  plant,  forty  years 
ago,  has  remained  unbroken  from  then  until  now  and  I  am  proud 
of  being  able  to  subscribe  myself  a  "Life  Member"  of  the  Western 
Society  of  Engineers,  and  of  being  one  of  the  very  few  left  now  of 
its  "old  guard"  of  1868-9.  Although  I  am  unavoidably  absent  in 
person  to-night,  I  beg  to  assure  you  of  my  presence  in  spirit  and 
cordial  sympathy. 

In  conclusion,  permit  me  to  beg  the  privilege  of  proposing  the 
"silent  toast"  to  the  memory  of  the  many  of  that  "old  guard"  of  1868 
who  have  "passed  over  to  the  other  side,"  in  grateful  recollection  of 
the  work  they  did  in  laying  the  foundations  of  your  noble  institution. 

I  extend  to  all  present  my  most  fraternal  felicitations  and  con- 
gratulations. 

Mr.  L.  P.  Morehouse  :  I  was  unable  to  mention  any  names  except 
those  who  appeared  on  record  as  having  been  present  at  the  first 
meeting,  but  it  would  be  a  great  injustice  to  a  number  of  gentle- 
men if  it  is  not  understood  that  they  were  not  only  in  hearty  sym- 
pathy with  the  starting  of  this  organization,  but  that  they  were  con- 
nected with  its  actual  proposal.  Mr.  Katte  refers  to  a  meeting  in 
the  Sherman  House,  which  he  thinks. was  in  1868.  He  is  perfectly 
right  there.  I  have  read  to  you  from  the  official  record  of  the  So- 
ciety to  the  effect  that  the  first  meeting  was  held  in  May,  1869,  but 
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I  am  well  aware  that  Mr.  Katte,  although  not  present  at  that  meet- 
ing, was  one  of  the  gentlemen  who  was  thoroughly  desirous  of 
having  such  an  organization  as  this,  and  the  meeting  he  refers  to  was 
held  in  the  Sherman  House  prior  to  the  meeting  of  May,  1869,  when 
the  Society  was  officially  organized. 

Alonzo  W .  Paige,  m.w.s.e.,  New  York  (by  letter)  :  I  have  your 
valued  letter  of  the  4th  inst,  forwarded  to  me  from  Schenectady. 

Interesting,  very  interesting  it  would  be  to  me  to  meet  with  you 
on  Wednesday  evening,  March  24th,  to  talk  over  the  early  days  of 
the  W.  S.  E.  Alas !  engagements  here  will  prevent  my  going  to 
Chicago,  but  I  shall  be  with  you  in  spirit.  That  same  spirit  of  pride 
and  interest  in  the  Society  of  Western  Engineers  that  was  so  keen 
among  its  members  in  those  early  days,  I  am  sure  still  continues 
with  the  few  of  us  older  members  who  are  still  living;  an  even  added 
interest  and  pride,  let  me  say,  since  you  have  grown  in  strength  and 
are  better  able  to  promote  and  aid  an  exalted  profession,  a  profes- 
sion so  all-important  in  this  age  of  development  and  progress  going 
on  in  the  world. 

I  know  full  well  that  the  evening  of  March  24th  will  be  interest- 
ing and  instructive,  and  1  am  sorry  I  cannot  be  with  you.  I  thank 
you  for  the  invitation,  however,  and  send  my  best  wishes  for  the 
continued  success  of  the  Society. 

Mr.  L.  P.  Morehouse :  I  will  say  in  this  connection  that  my 
recollection  is  that  Mr.  Paige  wrote  the  second  paper  presented  to 
the  Society.  His  name  begins  with  a  "P,"  but  he  appeared  as  proxy 
for  Mr.  E.  S.  Chesbrough,  who  was  scheduled  for  the  second  paper 
but  was  unable  to  present  one.  Mr.  Paige  read  an  article  on  the  con- 
struction of  the  Hudson  and  Mohawk  Railroad — a  road,  probably, 
that  most  of  you  have  never  heard  about ;  it  was  the  easterly  sixteen 
miles  of  what  is  now  the  New  York  Central  Railroad,  and  was  built 
about  1830. 

Mr.  A.  IV.  Wright,  m.w.s.e.,  Pomona,  Cal.  (by  letter)  :  I  regret 
exceedingly  that  I  cannot  be  present  at  the  "Reminiscence"  meeting, 
for  it  would  afford  me  the  greatest  pleasure  to  meet  my  old  friends 
who  survive,  and  hear  of  those  who  have  left  us  in  their  bodily  pres- 
ence but  who  survive  in  the  memory  of  those  still  living. 

[11  1879,  the  "Civil  Engineers  Club  of  the  Northwest"  ceased  to 
exist  and  was  succeeded  by  the  "Western  Society  of  Engineers." 
This  change  was  not  effected  without  opposition.  Three  distin- 
guished members,  Charles  Latimer,  L.  H.  Clark  and  Charles  Paine, 
headed  the  opposition.  But  who  could  meet  and  know  those  men 
without  loving  them?  Each  did  noble  work  upon  the  great  railroads 
of  this,  our  great  country. 

I  had  the  honor  of  reading  my  first  paper  before  the  Society  on 
February  3,  1880.  It  was,  "Extracts  from  the  Early  History  of 
Chicago  Railroads."  I  devoted  much  time  and  study  to  this  matter 
and  ran  across  interesting  facts. 
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It  was  very  difficult  in  those  days  to  obtain  any  papers  for  the 
Society.  In  1886,  when  I  was  honored  by  the  Presidency  of  the 
Society,  I  appointed  a  committee  to  secure  papers,  and  I  personally 
called  upon  every  resident  member,  urging  more  interest  in  the  So- 
ciety and  requesting  papers.  When  no  paper  was  in  hand,  I  wrote 
one  myself,  for  several  years,  which  is  the  reason  that  so  many  ap- 
peared from  my  pen. 

No  reminiscence  of  this  Society  will  omit  the  name  of  L.  P.  More- 
house, for  to  no  one  other  member  is  the  Society  so  greatly  indebted. 
At  the  first  meeting,  when  the  Civil  Engineers  Club  of  the  Northwest 
was  organized,  with  Col.  R.  B.  Mason  as  President,  Mr.  Morehouse 
was  made  Secretary,  an  office  he  filled  with  ability  and  faithfulness 
until  January  3,  1888.  Time  and  again  I  believe  the  Society  would 
have  perished  had  it  not  been  for  his  devotion,  his  ceaseless  and  un- 
tiring efforts. 

Your  list  of  living  and  deceased  members  contains  the  names  of 
many  men  distinguished  for  their  professional  services.  The  value 
of  the  work  they  performed  and  their  far-seeing  plans  for  the  future, 
which  the  passing-  years  are  seeing  reduced  to  actualities,  cannot  be 
measured  in  dollars  and  cents.  So  far  as  their  pecuniary  rewards 
are  concerned,  few  have  prospered  as  their  merits  warranted.  They 
did  not  have  the  requirements  for  money-getting  as  is  said  to  have 
been  defined  by  our  great  Lincoln,  who  had  no  admiration  for  mere 
financial  success,  namely,  that — "Financial  success  is  purely  metallic. 
The  man  who  gains  it  has  four  metallic  attributes ;  gold  in  his  palm, 
silver  on  his  tongue,  brass  in  his  face,  and  iron  in  his  heart." 

Thank  God  these  requisites  were  lacking  among  the  members  of 
our  Society,  and  I  know  of  no  instance  when  anyone  failed  to  re- 
spond and  to  assist  another  so  far  as  in  him  laid. 

I  trust  that  the  meeting  may  call  together  many  of  the  oldest 
members. 

Mr.  John  W .  Weston,  m.w.s.e.  Fennville,  Mich,  (by  letter)  :  I 
find  it  no  easy  task  to  conjure  up  the  memory  to  detail  reminiscences 
of  the  earlier  days  of  the  Society,  for  the  reason  that  the  present 
successful  career  of  the  organization,  with  its  wealth  of  interesting 
and  inspiring  incidents,  tends  to  obliterate  or,  at  least,  consign  to  the 
background  the  experiences  and  happenings  of  years  ago,  in  the 
days  when  it  looked  frequently  as  though  the  Society  would  never 
attain  prominence.  But  that  was  at  a  time  when  only  the  most  fervid 
imaginations  ever  dreamed  of  a  two  million  Chicago  in  their  lifetime. 

It  is,  indeed,  to  me  hard  to  realize,  after  reading  the  report  of  the 
late  annual  meeting,  that  this  is  the  same  organization  as  the  old 
Civil  Engineers  Club  of  the  Northwest,  so  far  as,  one  might  say, 
the  personnel  is  concerned.  And  it  may  be  confidently  asserted  that 
only  devotion  to  the  profession  of  certain  well-known  and  highly 
respected  members  who,  faithful  to  the  idea  that  organized  pro- 
fessional  intercourse  must  be  maintained   for   mutual   benefit   and 

April,  1909 


27G  Reminiscence  Meeting — March  24,  1909 

progress,  kept  the  Society  an  effective  force  in  the  engineering 
world  of  the  Middle  West.  None  interested  can  doubt  that  it  has 
been  any  other  than  an  effective  force  when  a  thought  is  given  to 
the  quality  and  variety  of  papers,  though  comparatively  few  in  num- 
ber, read  in  those  times.  They  dealt  with  the  public  engineering 
problems  of  the  day — problems  which  had  to  be  solved  by  civil 
engineers. 

In  the  interesting  address  of  Mr.  Morehouse  at  the  annual  meet- 
ing, held  January  2,  1890,  and  of  Mr.  Chanute,  at  that  of  January 
7,  1902,  the  history  of  the  Society,  from  its  birth  on  the  25th  of  May, 
1869,  to  the  latter  date  was  so  interestingly  and  fully  told,  that  I 
realize  how  little  I  can  add  to  merit  further  attention. 

I  can  remember  my  attendance  on  the  first  meeting,  in  1877,  at 
which  I  was  entitled  to  be  present,  having  been  elected  to  mem- 
bership under  the  guidance  of  Mr.  George  H.  Frost,  whom  I  was 
assisting  in  the  office  of  the  ''Engineering  News,"  then  published 
in  Chicago.  It  was  not  a  large  meeting  as  may  well  be  understood, 
but  Mr.  E.  S.  Chesbrough  was  president  at  the  time,  and  all  who 
remember  his  professional  suggestions  presented  with  the  forceful 
urbanity  of  his  gentle  nature,  will  understand  the  affectionate  mem- 
ory in  which  he  is  held  by  those  who  knew  him.  A  word  of  digres- 
sion as  exemplifying  human  characteristics.  I  had  occasion  to  call 
upon  Mr.  Chesbrough  in  his  office  after  his  resignation  as  City  Chief 
Engineer  of  Chicago,  which  resignation  was  brought  about  by  very 
questionable  means  as  we  all  thought  at  the  time.  He  was  once  more 
picking  up  the  trails  of  private  practice  and,  in  speaking  of  business 
prospects  he  remarked  that  a  prominent  alderman  had  quite  recently 
called  upon  him,  and  asked  his  advice  on  certain  engineering  matters 
connected  with  the  city.  With  the  peculiar  modesty  and  hesitancy 
natural  to  him  when  the  subject  was  personal,  he  told  me  he  felt  it 
his  duty  to  suggest  to  the  alderman  that  he  was  now  making  his 
living  by  his  advice  on  professional  subjects.  But  by  the  manner  in 
which  he  related  the  incident  it  was  evident  that  he  would  much 
rather  give  the  advice  free  of  charge  under  the  circumstances. 

The  discussion  on  the  adoption  of  the  Metric  System,  of  which  a 
committee  was  given  charge  in  1876,  resulted  in  a  final  favorable 
report  which  was  presented  by  Mr.  S.  S.  Greely,  chairman,  on  May 
6,  1879.  This,  however,  did  not  end  a  subject  which  had  been  a 
long  time  under  serious  discussion  by  many  prominent  members. 
The  Boston  Society  had  initiated  the  matter,  and  the  opposition  had 
been  very  determined,  Mr.  Charles  Latimer,  of  Cleveland,  leading. 
I  do  not  remember  what  the  final  outcome  was,  but  I  was  in  opposi- 
tion, based  on  a  belief  that  we  should  adopt  our  own  most  popular 
standard  and  decimalize  on  that.  My  opinion  was  largely  induced 
by  having  worked  in  the  French  system  when  railroading  in  my  en- 
gineering infancy  in  Sicily,  with  headquarters  in  the  fine  but  ill-fated 
city  of  Messina.     This  was  a  country  of  diverse  weights  and  meas- 

Vol.XIV.     No.  2 


Reminiscence  Meeting — March  24,  1909  277 

ures  which  did  considerable  "mixing"  with  what  we  had  been  raised 
upon.  It  appears  yet  that  the  opposition  had  it,  but  the  interest  on 
both  sides  of  the  question  was  quite  intense,  and  added  considerable 
zest  to  the  meetings. 

The  year  1880  was  particularly  marked  by  the  reception  and 
banquet  given  by  the  Society  to  Count  de  Lesseps.  As  usual  during 
the  secretaryship  of  Mr.  Morehouse,  the  work  of  preparing  for  this 
function  fell  largely  upon  him.  The  question  of  working  up  a  little 
French  for  the  occasion  was  a  weighty  problem  to  many  which,  in 
in  numerous  instances,  resolved  itself  into  a  very  pronounced  im- 
provement in  the  art  of  "speech  without  words"  and  the  resort  to 
frequent  bows  to  indicate  a  thorough  understanding  of  the  situation 
if  not  of  the  remark. 

Reorganization  was  another  important  act  of  the  Society,  con- 
summated on  June  1st,  1880,  by  the  adoption  of  the  resolutions  cover- 
ing the  question.  This  had  been  a  hard  campaign  on  the  part  of  the 
promoters,  for  the  opposition  comprised  many  of  the  prominent 
members,  who  undoubtedly  by  long  association  as  members  of  the 
Civil  Engineers  Club  of  the  Northwest  looked  upon  that  organiza- 
tion as  amply  broad  enough  for  all  future  development.  Mr.  C. 
W.  Durham  devoted  himself  in  every  way  possible  to  the  end  of 
winning  the  fight,  and  I  well  remember  his  burst  of  indignation 
when,  at  the  meeting  to  vote  upon  the  question,  many  of  the  older 
members  whose  presence  wras  seldom  recorded,  appeared  upon  the 
scene  to  vote  aerainst  the  oroject.  I  do  not  think  that  the  Society 
ever  came  nearer  adopting  current  political  methods  to  secure  an 
end,  than  in  the  final  efforts  to  change  the  organization  of  the  So- 
ciety. None  can  now  doubt  the  wisdom  of  the  change ;  though  only 
theoretically  was  the  field  enlarged,  for  a  change  in  policy  and  effort 
were  soon  developed  with  results  which  speak  for  themselves. 

When  one  looks  back  upon  the  period  of  1878-81,  it  carries  the 
conviction  of  great  activity,  for  beside  the  two  campaigns  of  discus- 
sion alluded  to,  the  question  of  the  Association  of  Engineering  So- 
cieties, for  the  joint  publication  of  proceedings  and  papers,  came  up 
in  such  form  as  to  demand  the  serious  attention  of  the  Society.  It 
was  advocated  and  opposed  with  much  earnestness  on  either  side. 
As  associate  editor  of  "The  American  Engineer,"  published  at  that 
time  by  our  esteemed  member,  Mr.  Willard  A.  Smith,  a  proposition 
was  made  to  the  Society  which  seemed  to  me  to  offer  advantages 
over  the  joint  publication  scheme,  and  I  became  active  in  opposition. 
It  had  always  appeared  to  me  that  the  Western  Society  would  out- 
grow the  purely  local  organizations  scattered  over  the  country  and 
would  best  consult  its  future  interests  by  standing  alone,  and  al- 
though I  afterward  became  secretary  of  the  joint  publication,  in 
looking  back  I  feel  that  the  impression  was  always  vivid  in  my  mind 
that  when  the  Western  Society  was  strong  enough,  financially  and 
numerically,  the  publication  of  its  own  papers  and  proceedings  would 
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be  the  logical  outcome.  Nor  did  the  question  become  finally  settled 
until  the  opposition  had  secured  another  vote  upon  it  and  thereby 
failed  to  convince  the  majority  that  secession  was  advisable. 

Mr.  Chanute,  in  his  address  referred  to  in  the  opening  of  these 
remarks,  gives  a  very  entertaining  account  of  the  main  incidents, 
conditions  and  progress  of  the  Society  during  the  years  following 
1881. 

There  were  many  discouraging  periods,  however ;  the  upbuilding 
of  the  Society  in  membership  seemed  a  hopeless  task,  and  the  faith- 
ful few  upon  whom  most  of  the  burden  fell  had  many  a  conference 
among  themselves  upon  ways  and  means  to  bring  about  the  addi- 
tion of  more  members,  and  several  schemes  were  resorted  to  with 
this  end  in  view.  The  importance  of  this  increase  was  deemed  abso- 
lutely essential. 

Much  to  the  regret  of  the  Society,  Mr.  Morehouse,  after  long  and 
valuable  services,  felt  compelled  to  resign  the  secretaryship  and  Mr. 
L.  E.  Cooley  was  elected  to  fill  the  office  on  January  3,  1888.  The 
ensuing  year  was  again  an  active  one  in  efforts  to  promote  the  in- 
terests of  the  Society  and  to  decide  upon  plans  to  extend  its  influence, 
and  a  tentative  conclusion  was  reached  that  a  secretary  should  be 
elected  whose  business  would  admit  of  devoting  all  the  time  neces- 
sary to  properly  conduct  the  affairs  of  the  Society;  the  work  of 
securing  new  members  to  be  kept  a  prominent  issue.  Circumstances 
transpired  to  bring  about  my  election  to  the  office  (of  secretary)  on 
January  8th,  1889,  vvith  implied  injunctions  to  devote  myself  to  the 
interests  of  the  Society  with  special  reference  to  an  increase  of  mem- 
bership 

Whether  due  to  the  wonderful  material  progress  of  Chicago  and 
of  the  country  at  large,  or  the  persistent  work  of  the  Society  in  leav- 
ing nothing  to  chance  in  the  search  for  new  members,  or  both,  we 
still  have  some  no  members  left  in  the  ranks  as  a  result  of  the  mis- 
sionary efforts  of  those  years.  It  is  confessedly  a  meagre  showing 
for  the  work  done,  and  does  not  nearly  represent  the  total  number 
of  recruits  gathered  in,  for  the  reason  pehaps  that  a  certain  per- 
centage of  new  members,  morally  coerced,  as  it  were,  to  join  the 
ranks,  as  readily  persuade  themselves  to  resign  when  occasion  offers. 

The  change  in  the  Society's  program  for  1889  was  inaugurated 
by  a  removal  to  more  independent  and  commodious  quarters,  always 
open  to  the  membership  during  business  hours,  and  what  library 
it  possessed  in  those  days  soon  became  a  more  useful  accessory. 

The  Chicago  Drainage  Canal  and  the  work  on  the  grounds  and 
buildings  in  preparation  for  the  World's  Fair,  of  1893,  were  subjects 
large  enough  in  their  immense  details  to  afford  interesting  and  in- 
structive topics  for  professional  papers  and  discussions,  and,  more- 
over, gave  abundant  opportunities  for  a  number  of  excursions  which 
were  indulged  in  during  their  progress. 

The  idea  also  of  providing  lunches  at  the  regular  meetings  and  of 
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issuing  invitations  to  leading  citizens  when  subjects  of  general  in- 
terest were  on  the  programs,  was  once  more  brought  into  practice. 
This  time  the  consensus  of  opinion  among  the  members,  official  and 
otherwise,  who  were  practical  participators  in  the  departure,  was 
that  such  lunches  had  a  marked  effect  on  the  attendance.  I  should 
like  to  know  if  history  throughout  all  the  ages  ever  recorded  other- 
wise? It  is  certain  in  our  experience  at  the  time,  that  the  flagging 
zeal  of  many  members  was  stimulated  by  a  prospect  of  a  lunch  to 
vary  the  entertainment.  And  besides  this,  it  was  quite  a  usual  thing 
when  a  small  attendance  seemed  probable,  to  sally  out  and  personally 
urge  all  accessible  members  to  be  sure  and  be  present.  Such  methods 
of  stimulating  a  fairly  representative  meeting  are  scarcely  compre- 
hensible now,  although  less  than  twenty  years  have  elapsed  since 
such  efforts  were  necessary. 

Publicity  at  the  time  referred  to  was  also  a  potent  factor  in  bring- 
ing the  Society  into  prominence,  and  at  every  meeting  at  which  any 
matter  of  public  interest  was  likely  to  be  brought  up,  the  leading 
dailies  were  invited  to  send  representatives,  and  it  is  due  to  them  to 
say  that  reports  of  such  meetings  and  doings  appeared  far  more  fre- 
quently and  at  greater  length  than  I  have  noticed  for  a  number  of 
years  past.  The  present  position  of  the  Society  as  a  commanding 
organization  does  not  depend  upon  newspaper  patronage,  but  twenty 
years  ago  it  was  a  far  different  proposition,  and  every  help  consistent 
with  professional  ethics  to  maintain  it  in  public  respect,  and  there- 
fore as  a  progressive  aid  to  the  public  good,  from  the  point  of  view 
of  to-day,  seems  to  have  been  wisely  ordered. 

I  believe  I  shall  be  borne  out  by  all  those  who  did  hard  practical 
work  for  the  upbuilding  of  the  Society,  in  the  few  years  prior  to  the 
World's  Fair,  in  the  assertion  that  those  years  were  strenuous  ones, 
filled  with  many  disappointments,  but  also  with  many  encourage- 
ments. It  was  intensely  gratifying  to  note  the  rapid  development  of 
the  organization  when  once  a  start  had  been  made,  but  the  start  was 
a  long  and  hard  pull.  Referring  again  to  the  difficulty  of  securing 
members,  it  occurs  to  me  that  at  one  time  it  was  noted  that  quite  a 
number  of  members  of  the  American  Society  were  locating  in  Chi- 
cago, and  it  was  deemed  advisable  to  look  them  up  and  invite  their 
co-operation  with  the  Western  Society,  an  effort  that  had  not  been 
made  a  special  one.  From  more  than  one  of  these  gentlemen  I 
learned  personally  that  they  deemed  their  membership  in  the  Ameri- 
can Society  sufficient  for  all  practical  purposes,  and  that  they  saw  no 
benefit  to  themselves  in  accepting  our  invitation.  This  will  throw 
further  light  on  this  problem,  in  that  our  field  from  which  to  draw 
membership  was  included  in  a  sense  in  that  of  the  American  Society, 
and  that  this  discrimination,  so  long  as  it  paid,  militated  against  the 
numerical  growth  of  the  younger  Western  Society. 

In  conclusion,  I  cannot  help  but  express  the  conviction  that  the 
Western  Society  of  Engineers  as  it  now  stands,  owes  a  debt,  beyond 
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the  possibility  of  liquidation  to  those  old  members  who,  through  all 
the  vicissitudes  of  its  early  years,  remained  faithful  to  their  well 
conceived  duty  of  maintaining  it  under  all  conditions  and  circum- 
stances. It  was  often  a  thankless  task,  requiring  zeal  of  no  common 
order,  for  even  the  delight  of  ministering  to  a  great  profession  has 
its  drawbacks  in  the  frequent  necessity  of  inspiring  fidelity  in  others, 
and  of  keeping  the  rank  and  file  on  the  firing  line.  Their  reward 
is  in  the  Society  of  to-day,  and  the  consciousness  of  having  con- 
tributed so  largely  to  its  success.  Many  of  them  are  now  missing 
from  the  list  of  members,  but  among  others  who  still  remain  in  active 
service,  are  such  men  as :  Messrs.  L.  P.  Morehouse,  O.  Chanute, 
Lyman  E.  Cooley,  Horace  E.  Horton,  G.  A.  M.  Liljencrantz,  Isham 
Randolph,  Don  J.  Whittemore,  Benezette  Williams,  and  A.  W. 
Wright,  to  whom  the  gratitude  of  the  Society  will  ever  be  in  order. 

Mr.  J.  S.  Sewall,  m.w.s.e.,  St.  Paul,  Minn,  (by  letter)  :  I 
came  to  Chicago  in  the  autumn  of  1850,  having  previously  had  about 
four  years  practice  in  the  location  and  construction  of  railroads 
in  New  England.  Any  old  resident  can  describe  better  than  I  can 
the  low  muddy  streets,  then  unpaved,  the  often  floating  sidewalks, 
and  all  but  impassable  roads  into  the  country.  I  lived  in  the  Tre- 
mont  House,  which  was  then  a  first  class  hotel  and  a  most  satis- 
factory residence  I  was  soon  employed  as  leveler  on  the  railroad 
location  from  Fond  du  Lac  to  Janesville,  and  thence  to  the  state  line 
of  Illinois  towards  Chicago. 

Early  in  1852,  I  was  in  charg'e  of  the  location  from  Chicago  to 
Janesville.  By  Chief  Engineer  Johnson's  direction,  the  line  in 
Chicago  was  laid  out  parallel  with  and  four  hundred  feet  from  the 
west  bank  of  the  North  Branch. 

When  establishing  the  long  straight  lines  of  the  next  thirty  miles, 
I  was  instructed  by  Mr.  Johnson  to  keep  in  readiness  to  make  a  re- 
location from  the  south  end  of  Lake  Michigan,  keeping  clear  of  the 
city ;  but  the  final  order  never  came.  Mr.  Johnson  advised  me  to 
make  the  maximum  rate  of  ascent  going  west  0.7  per  cent  and  going 
east  0.5  per  cent. 

Early  in  1853,  when  grading  was  in  progress,  a  new  contract  was 
made  whereby  the  contractor  was  to  appoint  the  chief  engineer. 
This  ended  Mr.  Johnson's  connection  with  the  line,  and  mine.  The 
contractors  were  allowed  to  make  grades  of  forty  feet  per  mile. 

I  could  not  help  knowing  that  the  location  I  was  making  was  dis- 
liked by  parties  interested  in  having  a  cheap  line,  but  Chief  En- 
gineer Johnson  effectively  supported  me,  and  no  doubt  often  got 
rid  of  criticism  without  my  knowledge.  Once  he  asked  me  to 
make  a  comparative  estimate  of  the  located  line,  and  another  line 
surveyed  by  some  outsider  which  avoided  a  heavy  embankment  by 
a  crooked,  roundabout  way.  It  proved  that  an  apparent  saving  in 
cost  of  grading  was  less  than  the  cost  of  increased  track,  the  pro- 
posed line  being  a  mile  longer.    Another  accusation  was  that  a  cut- 
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ting  was  made  in  a  place  where  the  ground  was  lower  on  both  sides. 
The  cut  was  through  a  ridge  that  made  an  angle  of  about  forty-five 
degrees  with  the  railroad  line.  The  ground  was  covered  with  trees. 
At  one  end  of  the  cut  the  ground  was  lower  on  the  left  and  at  the 
other  end  lower  on  the  right  hand. 

The  Western  Society  of  Engineers  was  not  in  existence  while  I 
lived  at  Chicago,  or  if  it  was,  I  never  heard  of  it.  Early  in  1854  I 
came  to  St.  Paul,  and  have  only  been  in  Chicago  since,  to  pass 
through. 

President  Allen:  This  has  been  a  fortunate  and  a  delightful  oc- 
casion. We  have  had  our  elder  brothers  with  us,  and  it  is  quite  fit- 
ting that  we  should  receive  this  message  from  them  to-night. 

The  profession  of  an  engineer  is  preeminently  a  learned  one. 
The  popular  conception  of  an  engineer  as  a  fighter,  struggling 
against  the  forces  of  nature,  and  either  conquering  or  being  swept 
to  destruction  by  them,  is  not  entirely  correct.  It  is  true  that  the 
engineer  must  know  how  to  put  up  a  good  fight,  on  occasions,  but 
we  must  learn  that  the  forces  of  nature  are  the  very  things  that  do 
our  work,  and  the  best  engineer  is  the  one  who  takes  advantage 
of  them  and  uses  them  as  his  friends  instead  of  his  enemies.  The 
closer  we  keep  in  touch  with  these  forces  and  the  better  we  under- 
stand them,  the  greater  will  be  our  success.  Our  battles  with  nature 
are  mostly  due  to  our  failure  to  understand. 

So  it  is  knowledge,  understanding,  and  judgment  that  makes  en- 
gineers. The  thinker  will  win  out  every  time  as  against  the  man 
of  action,  so-called,  and  this  leads  to  what  I  want  to  say  of  the  aims 
and  purposes  of  our  Society.  It  seems  to  me  that  the  chief  value 
of  this  Society  lies  in  teaching  engineers  to  think.  We  bring  up  our 
problems  here  and  discuss  them  from  every  side  and  we  profit  both 
from  the  praise  and  the  criticism,  and  the  bitterest  opponents  are 
better  friends  afterwards  for  knowing  that  the  other  fellow  has  a 
pretty  good  case  after  all. 

I  hope  we  shall  never  settle,  or  attempt  to  settle  a  single  important 
engineering  question.  What  we  desire  to  develop  is  men  and  not 
creeds  or  standards. 

Our  elder  brothers  have  brought  us  a  message  this  evening,  and 
it  is  my  privilege  to  reply,  on  behalf  of  the  Society,  that  we  will 
endeavor  to  make  their  legacy  safe  in  our  hands  and  pledge  our- 
selvse  to  continue  our  progress  to  the  best  of  our  ability. 

The  last  decade  has  recorded  great  progress  in  this  Society,  but 
we  must  not  stop  here ;  there  is  work  to  be  done.  And  first  I  wish 
to  call  attention  to  the  necessity  of  increasing  our  membership.  I 
hope  every  member  will  constitute  himself  a  recruiting  committee 
of  one,  and  will  bring  in  one  or  more  members  before  the  end  of 
the  year.  We  have  at  present  one  very  prosperous  section — the 
Election  Section — why  not  have  sections  in  other  branches  of  en- 
gineering?    All  this  will  come  with  the  increase  in  membership. 
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Then,  we  aim  to  make  the  Journal  of  the  utmost  practical  value 
to  engineers  generally.  We  want  every  member  to  take  particular 
interest  in  it  and  contribute  to  its  pages  by  bringing  his  problems 
before  the  Society.  We  improve  individually  and  collectively  by 
bringing  up  problems  and  discussing  them  here.  This  discussion 
of  engineering  subjects  is  of  immense  value,  and  the  knowledge  of 
these  subjects  belongs  to  the  world. 

We  solicit  contributions  from  our  members  for  the  enlarging  of 
our  library,  and  the  Board  of  Direction  will  authorize  the  expendi- 
ture of  such  funds  as  may  be  available  for  securing  the  latest  and 
best  books  on  engineering  subjects.  Here  also  progress  depends 
upon  our  membership.  1  want  to  urge  that  everyone  work  with  us, 
because  it  is  from  the  rank  and  file  of  the  Society  that  progress  must 
come. 

Lastly,  let  me  say  that  we  expect  to  hold  social  meetings  once  in 
a  while,  so  that  the  various  members  may  become  acquainted. 

This  closes  the  business  part  of  our  program,  and  we  invite  you 
all  now  to  enjoy  yourselves  in  a  social  way. 
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MINUTES  OF  THE  MEETINGS. 

Electrical  Section,  March  2,  1909. 

A  regular  meeting  (No.  40)  of  the  Electrical  Section  (being  No.  655  of 
the  Society),  was  held  jointly  with  the  Chicago  Branch  of  the  American  In- 
stitute of  Electrical  Engineers,  Tuesday  evening,  March  2nd. 

Past  President  W.  L.  Abbott,  as  Chairman  of  the  Chicago  Branch,  A.  I. 
E.  E.,  presided,  and  called  the  meeting  to  order  at  8:20  p.  m.  with  about  no 
present. 

As  there  was  no  business  to  bring  before  the  meeting,  the  Chairman  an- 
nounced the  subject — '"Relation  of  Load  Factor  to  Power  Costs" — and  intro- 
duced Mr.  E.  W.  Lloyd,  of  the  Commonwealth  Edison  Co.,  who  read  his  paper 
on  this  subject.  The  paper  by  Mr.  C.  A.  S.  Howlett,  m.w.s.e.,  of  the  West- 
ern Electric  Co.,  was  presented  in  his  absence  by  Mr.  H.  L.  Grant  of  the 
same  company.  This  was  followed  by  a  paper  by  Mr.  J.  M.  S.  Waring, 
m.w.s.e.,  of  the  Electric  Storage  Battery  Co. 

Discussion  followed  from  Messrs.  J.  F.  Gilchrist,  H.  R.  King,  Wm.  B. 
Jackson,  G.  H.  Atkin,  P.  Jnnkersfeld,  A.  H.  Babcock,  James  Lyman,  Wm.  B. 
Storey,  Jr.,  J.  L.  Hecht,  S.  M  Bushnell,  J.  R.  Cravath,  F.  J.  Postel  and  the 
Chairman. 

The  meeting  adjourned  at  10:05  p.  m. 

Regular  Meeting,  March  3,  1909. 

A  regular  meeting  of  the  Society  (No.  656)  was  held  Wednesday  evening, 
March  3rd.  The  meeting  was  called  to  order  at  8  :20  p.  m.  with  Second  Vice- 
President  Chamberlain  in  the  chair  and  about  150  members  and  guests  present. 

The  minutes  of  the  meetings  of  February  3rd  and  17th  were  read  and 
approved. 

The  Secretary  reported  from  the  Board  of  Direction  the  election  into  mem- 
bership of  the  following: 

Grade. 

Arthur  M.  Houser,  Chicago  Active 

W.  L.  Thompson,  Panama  Active 

George  Young  Skeels,  Sioux  City,  Iowa Active 

Frederic  H.  P.  Howard,  Ravinia,  111 transferred  from  Junior  to  Associate 

H.  J.  Hoodwin,  Chicago   Junior 

Howard  Logan,  Chicago Active 

H.  B.  Sauerman,  Chicago transferred  from  Junior  to  Active 

Alexander  R.  Webb,  Chicago  Junior 

Daniel  B.  Luten,  Indianapolis,  Ind Active 

J.  M.  S.  Waring,  Chicago Active 

Also    that   applications    for    membership   had    been    received    from    the    fol- 
lowing: 

Fred  Coe  Taylor,  Chicago. 

Henry  P.  Broughton,  Madison,  Wis. 

Gordon  F.  Dodge,  Chicago. 

Fred  B.  Money,  Chicago. 

Robert  I.  Randolph,  Chicago,  transfer. 

Frederick  W.  Adgate,  Chicago. 

Charles  S.  Pillsbury,  Chicago. 

Ward  O.  Collins,  Chicago. 

Wm.  T.  Sullivan,  Chicago. 

Announcement  was  made  of  the  death  on  January  23rd  of  George  Adgate, 
and  on  February  22nd  of  Thomas  T.  Johnston,  a  Past  President  of  the  So- 
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ciety.  A  motion  was  offered  and  carried  that  the  President  appoint  com- 
mittees to  prepare  memorials  of  these  gentlemen. 

There  being  no  further  business  to  bring  before  the  Society,  the  Chair- 
man introduced  J.  H.  Prior,  m.w.s.e.,  who  read  his  paper  on  "Derrick  Cars 
and  Bridge  Erection,  with  Some  Tests  of  Iron  Pulley  Blocks."  The  paper 
had  been  printed  in  "advance"  form  and  a  few  lantern  slides  were  used  in 
illustration. 

Discussion  followed  from  G.  W.  Smith  (bv  letter)  F.  J.  Herlihy,  I.  F. 
Stern,  C.  F.  Loweth,  E.  N.  Layfield,  W.  E.  Synions,  F.  R.  Judd,  O.  E.  Streh- 
low  and  the  Chairman. 

The  meeting  adjourned  at  10:15  p.  m. 

Electrical  Section,  March  19,  1909. 

An  extra  meeting  of  the  Society  (No.  657),  being  a  joint  meeting  of  the 
Electrical  Section  (No.  41)  and  of  the  Chicago  Branch  of  the  American  In- 
stitute of  Electrical  Engineers,  was  held  Friday  evening,  March  19,  1909. 

The  meeting  was  called  to  order  about  8:20  p.  m.  by  Past-President  W.  L. 
Abbott,  on  behalf  of  the  A.  I.  E.  E.,  and  of  the  Electrical  Section,  as  Chairman 
Jackson  was  out  of  the  city.  There  were  over  100  members  and  guests  pres- 
ent There  was  no  business  to  bring  before  the  meeting,  so  the  Chairman  in- 
troduced Prof.  E.  E.  Creighton,  of  the  General  Electric  Co.,  who  gave  a  dis- 
cussion and  "Demonstration  of  Lightning  Phenomena." 

By  means  of  a  spark  coil,  the  110  volt  lighting  current  was  raised  to  40,000 
and  perhaps  80,000  volts,  and  caused  to  discharge  between  wires  stretched 
about  the  room.  The  theories  of  the  origins  of  electrical  charges  in  the  clouds 
and  the  discharge  of  the  same,  was  explained  by  Prof.  Creighton,  also  abnor- 
mal potentials  resulting  from  surges  caused  by  line  disturbances.  This  was 
followed  by  a  description  of  various  types  of  lightning  arresters,  including  the 
aluminum  cell,  and  the  effect  of  each  of  these  devices  under  various  condi- 
tions, when  used  to  protect  distributing  systems  and  generating  apparatus. 

Some  discussion  with  questions,  followed  from  Messrs.  W.  J.  Warder, 
James  Lyman,  F.  Lubberger,  E.  McCullough,  the  Chairman,  and  others. 

The  meeting  adjourned  soon  after  10  p.  m. 

Extra  Meeting,  March  24,  1909. 

An  extra  meeting  of  the  Society  (No.  658)  was  held  Wednesday  evening, 
March  24th.  The  meeting  was  called  to  order  about  8:30  p.  m.,  with  President 
Allen  in  the  chair  and  about  one-hundred  members  and  guests  present. 

The  President  said  that  this  occasion  was  almost  the  fortieth  anniversary 
of  the  organization  of  the  Society,  and  that  Reminiscences  would  be  the  order 
of  the  evening. 

Mr.  L.  P.  Morehouse,  the  first  Secretary,  told  of  many  interesting  matters 
pertaining  to  the  early  history  of  the  Society,  and  gave  reminiscences  of  the 
members  of  those  days. 

Mr.  C.  H.  Hudson,  whose  recollections  of  the  Society  went  back  to  1876, 
spoke  of  the  encouraging  growth  in  numbers,  and  called  attention  to  the 
changes  that  have  occurred  in  engineering  practice  during  the  last  thirty  to 
forty  years,  with  the  development  of  specialists.  He  also  stated  that  in  the 
early  days  a  civil  engineer  was  called  upon  for  advice  and  assistance  on  a 
great  variety  of  subjects,  and  it  speaks  well  for  the  genius  of  some  of  the  men 
of  those  days  that  they  could  respond  to  the  call  and  do  the  work  required. 

Mr.  Benezette  Williams,  a  Past  President,  followed  Mr.  Hudson,  and 
after  his  remarks  on  the  early  membership  of  the  Society,  the  Secretary  read 
letters  which  had  been  received  from  Messrs.  R.  P.  Morgan,  T.  J.  Nicholl. 
Walter  Katte,  A.  W.  Paige,  A.  W.  Wright,  J.  W.  Weston,  and  J.  S.  Sewall. 

The  meeting  adjourned  about  to  p.  m.,  when  refreshments  were  served  and 
the  meeting  became  a  social  one. 

Regular  Meeting,  April  7,  1909. 
A  regular  meeting  of  the   Society   (No.  659)    was  held  Wednesday  even- 
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ing,  April  7th.     The  meeting  was  called  to  order  at  8 :25  p.  in.  with  President 
Allen  in  the  chair,  and  about  60  members  and  guests  present. 

The  minutes  of  the  meetings  of  March  3rd  and  24th  were  read  and  approved. 

The  Secretary  reported  from  the  Board  of  Direction  that  at  their  last 
meeting  eleven  new  members  were  elected  and  one  transferred  from  Junior 
to  Active  grade,  as  follows : 

Grade. 

Frederick  W.  Huels,  Madison,  Wis Active 

Frank  Griffith  Todd,  Chicago Junior 

Paul  E.  Green,  Chicago  Active 

Fred  Coe  Taylor,  Chicago   Junior 

Henry  P.  Broughton,  Madison,  Wis Active 

Gordon  F.  Dodge,  Chicago  Active 

Fred  B.  Money,  Chicago  Junior 

Robert  I.  Randolph,  Chicago transferred  from  Junior  to  Active 

Frederick  W.  Adgate,  Chicago  Active 

C.  S.  Pillsbury,  Chicago Junior 

Ward  O.  Collins,  Chicago Active 

William  T.  Sullivan,  Chicago  Junior 

Also  that  application  for  membership  had  been  received  from  the  fol- 
lowing: 

Edward  Zaremba,  Chicago   Active 

Horace  B.  McCabe,  Chicago Active 

Thomas  W.  Orbison,  Appleton,  Wis Active 

Hugh  McLennan,  Chicago    , Active 

James  O.  Heyworth,  Chicago  Active 

Hjram  W.  Elliott,   Chicago   Junior 

W.  H.  Kellogg,  Jr.,  Grand  Rapids,  Mich Junior 

Joseph  D.  McCord,  Milwaukee,  Wis Junior 

Charles  Stewart,  Chicago   Junior 

The  Secretary  stated  that  the  Committee  on  Amendments  had  been  asked 
by  the  Board  of  Direction  to  consider  what,  if  any,  amendments  to  the  By- 
Laws,  in  their  opinion,  should  be  made,  and  to  report  to  the  Board  at  their 
next  meeting.  Also  that  the  Board  desires  that  members  of  the  Society  who 
may  have  suggestions. to  make,  concerning  amending  the  By-Laws,  give  these 
to  the  committee  in  the  immediate  future. 

Announcement  was  made  of  the  death  of  Mr.  J.  W.  Schaub,  m.w.s.e., 
March  30th,  1909,  and  of  Mr.  H.  J.  Ott,  Jun.  m.w.s.e.,  September  25th, 
1908.  On  motion  of  Mr.  Layfield,  the  President  was  authorized  to  appoint 
committees  to  prepare  memorials  of  these  deceased  members. 

Mr.  A.  Bement,  m.w.s.e.,  was  then  introduced,  who  presented,  in  ab- 
stract, his  paper  on  "The  Coal  Fields  of  Illinois."  Discussion  followed  from 
W.  L.  Abbott,  Gordon  Buchanan,  J.  K.  Dering,  Paul  P.  Bird,  F.  W.  DeWolfe, 
C.  W.  Naylor,  Warren  R.  Roberts,  and  President  Allen.  Written  discussion 
was  read,  which  had  been  received  from  Geo.  S.  Rice,  Chas.  A.  Lind,  S.  W. 
Parr,  E.  H.  Taylor,  and  W.  T.  Ray,  with  a  closure  by  the  author. 

Mr.  Bement  offered  a  resolution,  which  was  duly  seconded  and  carried, 
that  a  committee  be  appointed  to  draft  a  memorial  for  presentation  to  the 
State  Legislature,  petitioning  for  the  establishment  of  a  Department  of  Mines 
at  the  State  University  of  Illinois. 

The  meeting  adjourned  at  10:50  p.  m. 

Electrical  Section,  April  16,  1909. 

A  joint  meeting  of  the  Electrical  Section,  W.  S.  E.  (No.  42),  and  of  the 
American  Institute  of  Electrical  Engineers,  being  meeting  No;  660  of  the 
Western  Society  of  Engineers,  was  held  Friday  evening,  April  16th.  The 
meeting  was  called  to  order  at  8:20  p.  m.  by  Chairman,  Wm.  B.  Jackson,  with 
about  230  members  and  guests  present.  The  minutes  of  the  joint  meetings  of 
March  2nd  and  19th  were  read  and  approved. 
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There  being  no  other  business,  Mr.  B.  R.  Shover,  of  Gary,  Indiana,  was 
introduced,  who  gave  an  interesting  talk,  with  many  lantern  slide  illustrations 
descriptive  of  "The  Electrical  Equipment  of  the  Gary  Steel  Plant."  Some  dis- 
cussion followed  from  Messrs.  James  Lyman,  J.  M.  S.  Waring,  C.  T.  Hen- 
derson, and  others. 

Chairman  Abbott  of  the  A.  I.  E.  E.  announced  that  an  invitation  had  been 
received  to  visit  the  Gary  plant  on  the  24th  of  April,  and  this  invitation  was 
accepted. 

The  meeting  adjourned  about  10:30  p.  m. 

Extra  Meeting,  April  21,  1909. 

An  extra  meeting  of  the  Society  (No.  661)  was  held  Wednesday  evening, 
April  21st.  The  meeting  was  called  to  order  at  8:30  p.  m.,  with  Vice-Pres- 
ident Chamberlain  in  the  chair  and  about  50  members  and  guests  present. 
There  was  no  business  before  the  Society,  but  the  Secretary  announced  that 
there  would  be  an  excursion  to  Gary,  Indiana,  to  visit  the  Steel  Works  on  Sat- 
urday, April  24th. 

The  Chairman  then  introduced  Mr.  R.  S.  Perry,  of  Philadelphia,  who 
presented  his  paper  on  "Protective  Coatings  for  Structural  Material."  The 
mode  of  separation  of  a  pigment  from  a  mixed  paint,  for  the  purpose  of  study, 
was  demonstrated,  and  the  method  of  testing  a  pigment  was  shown. 

Discussion  followed  from  Messrs.  G.  M.  Davidson,  E.  N.  Layfield,  C.  K. 
Mohler,  E.  McCullough,  J.  H.  Warder,  W.  H.  Finley,  F.  H.  Bainbridge,  O.  P. 
Chamberlain,  Houston  Lowe,  Mr.  Perry  and  his  assistant,  Mr.  H.  A.  Gardner. 

On  motion  of  Mr.  Finley  a  vote  of  thanks  was  tendered  Mr.  Perry  for  his 
valuable,  instructive  and  interesting  paper. 

The  meeting  adjourned  about  10:45  P-  m-  J-  H.  Warder, 

Secretary. 
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Design  of  Highway  Bridges  and  the  Calculations  of  Stresses  in  Bridge 
Trusses.  By  Milo  S.  Ketchum,  Civil  Engineer.  M.  Am.  Soc.  C.  E., 
M.  Am.  Soc."  Test.  Mat.,  M.  Soc.  for  Promotion  of  Eng.  Education.  En- 
gineering News  Pub.  Co.,  New  York.  First  edition.  Cloth,  6  by  9  in.; 
pp.  540  xiv;  77  tables;  300  Illustrations  in  the  text  and  8  folding  plates. 
Price,  $4-00  net. 

This  book,  as  the  author  explains  in  the  introduction,  is  supplementary  to 
his  "Design  of  Steel  Mill  Buildings"  but  contains  sufficient  repetition  to  render 
it  practically  self  contained,  the  substance  of  the  two  books  being  practically 
the  first  course  in  bridge  design  as  given  in  the  author's  classes. 

Part  One  does  not,  except  in  the  first  few  chapters  in  which  the  various 
types  of  bridges  are  described  and  classified  and  loading  and  weights  are  tab- 
ulated, refer  especially  to  highway  bridges,  but  is  general  in  its  nature  and 
treats  the  calculation  of  stresses  in  a  very  thorough  manner  both  analytically 
and  graphically.  The  text  is  illustrated  by  a  great  many  classified  examples 
with  diagrams  and  explanations  which  seem  to  be  unusually  clear  and  well 
suited  for  class-room  work. 

The  "influence  line"  method  of  calculating  stresses  and  determining  criteria 
for  maximum  stresses  is  excellently  though  very  briefly  given,  and  the  author 
hardly  seems  to  realize  the  importance  of  this  method  and  the  wide  use  that 
is  actually  made  of  it  in  calculating  draw-bridges  and  complicated  structures 
with  odd  arrangements  of  beams,  stringers,  or  columns.  The  "influence  line" 
method  is  of  such  wide  application,  so  simple  and  so  illuminating  as  regards 
conditions  of  loading  and  stress  that  it  seems  to  the  writer  it  should  receive 
greater  emphasis  in  a  book  of  this  character.  The  author  also  gives  the  "unit 
re-action  method"  for  calculating  curved  chord  bridges  by  a  combination  of 
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graphical  and  analytical  methods.  The  writer  has  found  this  method  very 
useful  in  his  own  work  but  regrets  that  the  author  does  not  show  the  student 
how  to  take  care  of  the  load,  if  any,  ahead  of  the  section  where  stresses  are 
being  determined  or  even  to  call  his  attention  to  the  very  frequent  occurrence 
of  this  problem. 

The  highway  bridge  specifications  of  C.  C.  Schneider,  Theodore  Cooper, 
the  Osborn  Engineering  Company,  and  the  American  Bridge  Co.,  also  the 
specifications  of  the  American  Railway  Engineering  and  Maintenance  of  Way 
Association,  are  freely  quoted  and  compared,  but  the  student  is  left  to  draw 
his  own  conclusions  between  them.  Such  comparisons  are  of  great  value  to 
the  designing  Bridge  Engineer  but  the  writer  feels  that,  when  published  with- 
out comment  in  a  book  like  this,  they  are  more  apt  to  confuse  than  to  instruct 
the  student.  It  would  seem  to  the  writer  that  the  specifications  of  the  author 
(which  unfortunately  seem  to  be  only  a  compilation,  with  the  same  ambigu- 
ities and  the  same  contraditions  met  with  in  most  of  the  published  specifi- 
cations) should  have  been  placed  in  the  body  of  the  book  and  the  other  speci- 
fications referred  to  in  the  appendix.  The  writer  also  feels  that  a  considerable 
part  of  the  value  of  the  first  part  of  the  book  is  lost  by  an  over  amount  of 
classification  and  subdivision.  The  different  variations  of  trusses  are  treated 
as  though  they  were  separate  and  distinct  things  to  be  analyzed  on  different 
principles.  It  seems  to  the  writer  that  the  general  principles  should  be  taught 
so  clearly  that  the  student  would  be  able  to  make  his  own  applications  to 
various  types  of  trusses  which  should,  of  course,  be  enumerated  but  hardly 
given  the  importance  of  the  space  that  they  occupy  in  this  book. 

The  second  part  deals  minutely  with  the  design  of  highway  bridges  both 
sub  and  super-structure,  including  arches,  culverts  and  reinforced  concrete 
structures  of  different  kinds.  There  is  also  a  chapter  on  erection  with  esti- 
mates of  weight  and  cost  and  one  on  the  general  principles  of  design  which 
covers  the  problem  of  determining  an  economical  crossing  under  given  con- 
ditions. The  cost  data  are  interesting  and  about  as  accurate  as  can  be  ex- 
pected in  treating  a  subject  that  cannot  be  arbitrarily  classified,  and  where  no 
two  people  would  agree  absolutely  on  the  data.  The  author,  however,  does 
not  appear  to  include  in  his  cost  estimates  the  field  superintendence  and  pro- 
portionate general  expense  of  organization,  neither  does  he  include  insurance, 
although  he  mentions  most  of  these  items  under  miscellaneous  costs.  These 
items,  in  any  scientific  consideration  of  the  matter,  should  be  charged  to  cost 
and  not  against  profit,  and  this  book  would  serve  a  very  good  purpose  if 
it  had  given  proper  emphasis  to  this  fact. 

The  chapter  on  the  "economic  bridge"  is  excellent,  although  the  opening 
statement  that  the  cost  of  the  superstructure  should  equal  the  cost  of  the  sub- 
structure is  really  worth  very  little  in  practice.  The  abutments  are  in  most  in- 
stances a  fixed  quantity  as  is  also  the  floor  or  paving,  railing  and  even  a  por- 
tion of  the  steel  work,  so  that  a  young  engineer  is  very  apt  to  be  led  astray  by 
the  general  rule  given  by  the  author.  His  comparisons  given  on  page  492, 
illustrate  the  proper  method  although  he  might  as  well  have  left  out  the 
lumber  so  as  to  emphasize  the  fact  that  the  constant  elements  do  not  affect  the 
economy  of  the  crossing. 

The  second  part  is  copiously  illustrated  with  detail  plans  of  bridges  and 
details  of  bridges  from  many  sources,  covering  almost  every  conceivable  var- 
iation in  design.  Some  of  these  designs  are  bad  and  some  are  good,  but  they 
are  usually  put  in  without  special  comment.  It  seems  to  the  writer  that  an 
author  or  publisher  takes  a  very  grave  responsibility  in  publishing  designs  in- 
discriminately and  without  proper  warnings  in  display  type  under  the  bad 
features.  Illustrations  and  examples  of  bad  design  are  of  great  value  when 
their  bad  features  are  accurately  pointed  out  and  criticised  in  the  text.  There 
is  so  much  that  is  bad  in  the  designs  shown,  that  their  publication  without 
detailed  criticism  leads  one  to  believe  that  they  bear  the  stamp  of  the  author's 
approval. 

In  his  preface  the  author  complains  that  the  designing  of  highway  bridges 
has  been  largely  left  "to  an  engineer  without  experience  or  the  agent  of  some 
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Bridge  Company  who  is  more  interested  in  the  resulting  profits  than  in  obtain- 
ing a  good  design." 

Unfortunately,  although  the  author's  complaint  of  poor  designs  is  amply 
borne  out  by  his  illustrations,  the  very  worst  example  of  all  is  a  plan  of  a 
bridge  designed  for  Boulder  County,  Colo.,  shown  in  plate  166,  which  has  an 
end  post  having  a  ratio  of  length  to  least  radius  of  gyration  (transversely, 
which  is  the  direction  of  bending  from  wind)  of  170  and  a  compression  diag- 
onal 22  ft.  long  supported  in  the  middle  in  one  direction  only  and  consisting 
of  2 — 2J/2X2J/2X/4  m-  angles  back  to  back.  Further  comment  on  this  design 
is  unnecessary.  The  writer  would  like  to  add  that  some  of  the  other  designs 
are  excellent  and  many  of  the  best  instances  are  standard  plans  of  some 
of  the  Bridge  Companies.  The  writer  cannot  but  feel  that  the  publica- 
tion of  such  matter  as  this,  works  incalculable  harm  to  the  art  of  bridge 
designing  for  we  find  authority  for  almost  any  of  the  sins  of  omission  or 
commission  in  the  highway  designing  of  the  past.  It  is  easy  to  say  that  these 
examples  are  taken  simply  as  illustrating  present  day  practice,  but  this  book 
is  going  out  into  thousands  of  irresponsible  hands  and  it  is  "not  as  I  say 
but  as  I  do"  that  counts.  In  the  writer's  opinion,  the  illustrations  of  such  a 
book  should  be  taken  only  from  the  very  best  designs  and  some  attempt  made 
to  create  a  standard  of  excellence  to  which  we  may  live  up  to  in  time. 

This 'part  of  the  book  is  supplied  with  numerous  tables  showing  standard 
weights  of  bridges,  values  of  moments,  shears,  etc.,  shop  standards  of  all 
kinds,  dimensions,  weights,  saving,  etc.,  for  angles,  channels  and  beams,  lateral 
connections,  etc.  These  tables  are  most  useful  and  necessary  both  for  the 
student  and  the  designer,  but  in  the  writer's  opinion  most  of  these  tables  have 
absolutely  no  place  in  the  text  of  such  a  book.  They  should  be  reserved  for 
an  appendix,  and,  if  possible,  arranged  so  that  they  can  be  detached  in  work- 
ing form. 

The  chapter  on  foundations  is  good,  but  neither  specific  nor  of  very  great 
breadth.  Empirical  rules  are  given  without  discussion  of  the  failures  which 
may  result  from  their  strict  application.  When  one  reflects  that,  after  all, 
the  substructure  is  often  the  more  expensive  and  quite  as  important  a  part  of 
a  bridge  as  the  superstructure  it  would  seem  that  something  more  than  the 
compilation  of  descriptions  and  illustrations  of  a  few  existing  structures  might 
be  put  in  a  book  which  evidently  attempts  to  cover  the  ground. 

In  the  chapter  on  jeinforced  concrete,  page  365,  the  statement  that  "little 
is  to  be  gained  by  the  use  of  steel  with  a  high  elastic  limit"  is  naive,  to 
say  the  least.  In  this  chapter,  in  so  far  as  the  author  confines  himself  to  the 
work  of  Professors  Talbot,  Turneaure  and  Maurer,  nothing  could  be  better, 
but  statements  such  as  the  foregoing,  together  with  the  one  about  deformed 
bars  in  the  same  paragraph  make  it  necessary  for  the  reader  to  be  very  wary 
of  accepting  the  author's  statements  regarding  a  construction  with  which  he 
is  evidently  not  closely  acquainted. 

Part  Three  is  very  good  but  open  to  the  same  objections  of  extreme  amount 
of  classification  and  subdivision  to  which  the  writer  has  called  attention  under 
the  heading  of  Part  One. 

The  faults  in  this  work  are  not,  in  general,  basic  but  may  largely  be  obvi- 
ated by  careful  revision,  rearrangement  and  considerable  pruning,  while  there 
is  much  that  is  admirable  which  ought  to  be  enlarged  upon,  elucidated  and 
explained  by  the  author. 

C.  H.  C.  and  A.  A. 

Artificial  Waterways  and  Commercial  Development  (with  a  history  of  the 
Erie  Canal).  By  A.  Barton  Hepburn,  author  of  "The  Contest  for  Sound 
Money."  New  York.  The  Macmillan  Company.  1908.  5  by  7V2  ins.; 
115  pages.     Cloth,  price,  $1.00. 

This  apparently  small  volume  is  a  weighty  contribution  to  the  literature 
of  that  present  very  live  topic,  our  waterways.  The  first  15  pages  are  a 
historical  summary  of  The  World's  Canals,  which  is  a  fitting  introduction  to 
the  canal   system  of   New   York,   considered   under  the   heads  of  the   period 
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of  inception,  of  development,  the  present  conditions,  and  the  competition 
against  New  York  City.  This  last  is  valuable  as  showing  what  the  railroad 
companies  are  doing,  resulting  in  advantages  to  other  seaports  than  New 
York,  and  just  now  particularly,  what  Canada  is  doing  by  her  system  of 
waterways  for  a  low  freight  rate  on  grain  from  the  Northwest  to  Liverpool. 
The  result  of  these  factors  has  been  a  notable  falling  off  of  the  business  of 
New  York.  This  can  be  greatly  remedied  by  the  enlargement  of  the  Erie 
Canal,   which   is   now    in   progress. 

The  next  chapter  of  the  book  takes  up  the  Panama  Canal, — the  progress  of 
the  work,  its  magnitude,  etc.,  is  partly  indicated.     "This  great  enterprise  when 

finished    is   destined   to   prove   to   the   commercial   world   the   most 

valuable  of  such  works  yet  undertaken."  The  author  shows  at  some  detail 
the  benefits  to  commerce  of  the  Isthmian  water  route  and  the  other  routes  now 
in  use,  the  shortening  in  distance  between  Western  Europe  ports  as  also  the 
U.  S.  Atlantic  ports  with  South  America  and  trans-Pacific  ports  in  general. 

The  Waterways  Question  and  Conservation  of  our  Resources  is  the  topic 
for  the  last  chapter  and  is  worthy  of  careful  consideration.  Some  valuable 
matter  is  gathered  in  the  appendix  with  tables  as  to  canals  of  New  York, 
extent,  terminals,  etc.,  the  Erie  Canal  dimensions,  capacity,  etc.  Also  revenue 
and  expense  of  sundry  New  York  Canals  and  many  other  valuable  exhibits. 
Also  some  tables  of  collateral  statistics  relating  to  the  commerce  of  New 
York.  Grain  and  flour  movement,  growth  of  New  York  state,  etc.,  and  other 
interesting  tables.    An  index  completes  this  valuable  little  book.  W. 

Earth  Slopes,  Retaining  Walls,  and  Dams.     By  Charles  Prelini,  Professor 

of  Civil  Engineering,  Manhattan  College,  New  York  City, — D.  Van  Nos- 

trand,    N.    Y.,    1908.      ix    +    129   pages,    with    75   diagramatic    illustrations 

through  the  text.    6^2  by  9  ins.,  cloth.     Price,  $2.00. 

This  is  a  work  of  five  chapters,  the  author  using  largely  graphical  methods 
for  solving  the  problems  pertaining  to  earth  slopes,  lateral  pressure  of 
earth  against  a  wall,  of  water  against  a  dam  and  the  design  of  such  structures. 

The  first  chapter  is  on  the  stability  of  earth  slopes  and  treats  of  the  weight 
of,  internal  friction  of  and  cohesion  in  soil — those  forces  which  act  on  and 
determine  the  slope  of  various  materials.  The  graphical  demonstrations  and 
their  practical  application  in  determining  the  slope  of  equal  stability  are  clear 
and  interesting.  The  author  calls  attention  to  the  economy  of  so  designing 
slopes  of  large  cuts  and  embankments  that  at  every  point  the  material  will 
have  the  same  tendency  to  remain  in  repose,  instead  of  using  an  arbitrary 
rule  such  as  a  slope  of  1  on  1  in  common  earth  cuts. 

Chapter  two,  is  on  retaining  walls.  The  various  theories  of  earth  pressure 
as  advanced  by  Vauban,  Coulomb  and  others  are  discussed,  followed  by 
Professor  Rebhann's  method  of  graphical  solution  based  on,  the  principal  of 
the  sliding  prism. 

Chapter  three,  takes  up  Professor  Rebhann's  analytical  method  of  calculat- 
ing earth  pressure  with  a  discussion  of  the  theories  of  Rankine  and  Weyrauch. 
Tables  are  given  showing  the  earth  pressure  against  a  wall  of  different 
heights;  three  wall  sections  are  used  with  three  conditions  of  surcharge  for 
each  section.  The  results  obtained  by  the  graphical  method  of  Rebhann's 
and  the  analytical  methods  of  Rankine  and  Weyrauch  are  in  this  way  given 
a  careful  comparison. 

Chapter  four,  is  on  the  design  of  retaining  walls.  The  author  illustrates 
and  discusses  different  types  of  walls  as  designed  by  German,  French  and 
English  engineers ;  he  then  demonstrates  graphically  the  proper  width  of  base 
for  a  number  of  retaining  walls  of  different  forms  and  under  varying  con- 
ditions, followed  by  an  analytical   discussion. 

Chapter  five,  is  devoted  to  dams.  This  subject  is  treated  as  a_  particular 
case  of  retaining  walls  in  which  the  material  to  be  supported  is  without 
friction.  The  author  takes  up  and  analyzes  the  forces  to  be  resisted  and  then 
develops  a  theoretical  dam  profile.  The  practical  sections  as  developed  t>y 
Crugnola  and  Krantz  are  illustrated  and  discussed,  the  chapter  closing  with 
a  practical  section  developed  by  the  author. 
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The  work  is  replete  with  diagrams  and  figures  to  illustrate  the  text; 
every  page  having  a  figure  corresponding  to  the  analysis  so  that  there  is  no 
looking  back  in  order  to  follow  the  discussion.  Graphical  demonstrations  are 
given  preference  throughout  the  work,  although  analytical  discussions  are  given 
also  for  comparison.  The  work  is  a  text  book  for  students  and  as  such  its 
simplicity  and  clearness  are  to  be  highly  recommended.  Practicing  engineers 
will  also  find  much  in  it  of  interest.  The  mechanical  features  of  the  work 
are  good.     The  type  face  is  clear  and  the  figures  and  lettering  are  excellent. 

G.  H.   H. 

Practical  Sheet  and  Plate  Metal  Work.  For  the  use  of  boiler  makers, 
***  copper  smiths,  ***  sheet  metal  workers,  ***  and  others  who  require 
a  knowledge  of  ***  the  working  up  of  metals  or  the  development  of  sur- 
faces. By  Evan  A.  Atkins.  Whittaker  &  Co.,  London,  and  Macmillian  & 
Co.,  New  York.  1908.  5  by  7^4  ins. ;  492  pages  including  index.  Over 
400  illustrations.     Cloth,  price,  $2.00. 

This  English  book  is  designed  for  the  use  of  the  artisan  working  in  sheet 
metals  and  the  rules  for  the  laying  out  of  the  work  are  based  on  the  supposi- 
tion of  ignorance  of  descriptive  geometry,  the  lines  of  intersection  and  the 
development  of  surfaces,  for  the  intersection  of  cylinders,  cones,  spheres  and 
the  like.  The  "layout"  of  such  jobs  as  elbows  and  joints  of  pipes,  whether 
cylindrical  or  square  cornered,  is  simply  given, — too  much  so  for  one  at  all 
conversant  with  the  problems  in  descriptive  geometry  given  in  the  lower 
courses  of  the  engineering  schools.  Yet  to  the  mechanic  engaged  in  sheet 
metal  work  and  somewhat  familiar  with  the  use  of  the  ordinary  tools  employed 
in  such  work,  this  book  would  be  of  great  assistance.  Very  good  instructions 
by  the  aid  of  many  diagrams  show  how  to  "lay  out"  the  patterns  to  which  the 
plate  metal  is  shaped  so  that  when  these  are  rolled  or  otherwise  worked 
up  and  put  together,  they  will  fit  and  result  in  giving  the  proper  shape  to  the 
desired  object. 

Instructions  are  also  given  for  the  necessary  margins  and  allowances  for 
the  joining  together  of  the  several  parts,  and  all  of  this  is  done  in  a  very 
simple  and  practical  way  without  calling  on  descriptive  geometry,  as  such. 
The  very  numerous  figures  illustrate  a  great  variety  of  objects,  many  of  which 
are  in  frequent  use,  yet  there  are  others  seldom  employed,  but  the  instructions 
with  the  diagrams  are  so  clearly  given  that  almost  any  intelligent  workman 
in  sheet  metal  can  do  the  job. 

A  study  of  the  book  is  valuable  to  the  draughtsman  and  the  engineer, 
even  if  well  instructed  in  theoretical  descriptive  geometry,  as  it  will  show 
what  is  practical  in  the  creation  of  (apparent)  solids  by  the  development  of 
the  surfaces  of  the  same,  where  these  had  best  be  joined,  and  how  they  can 
best  be  formed  and  put  together. 

Altogether  the  book  has  considerable  value  to  the  artisan  and  apprentice 
draughtsman,  and  contains  much  of  interest  to  the  engineer.  W. 

Hydraulic  Tables  :  The  Elements  of  Gagings  and  the  Friction  of  Water 
.  .  .  Flowing  in  Pipes,  Aqueducts,  Sewers,  etc.,  .  .  .  and  the  flow 
over  Wiers  with  quantity  discharged.  Gardner  S.  Williams  and  Allen 
Hazen,  Mems.  Am.  Soc.  C.  E.  New  York,  1909,  John  Wiley  &  Sons. 
6  by  9  ins.,  104  pages,  cloth.  Second  edition,  revised  and  enlarged. 
Price,  $1.50. 

The  authors  have  presented  an  exponential  formula,  a  modification  of  the 
well  known  Chezy  formula,  for  determining  the  velocity  of  flow  of  water  in 
conduits.  By  means  of  a  special  slide  rule  based  on  the  authors'  formula, 
which  was  evolved  from  the  study  of  a  vast  number  of  experiments,  the  tables 
in  the  book  show  the  flow  of  water  in  pipes  and  other  passages. 

The  first  table  gives  the  range  of  value,  and  the  mean  value,  of  the  con- 
stant c  of  the  Chezy  formula,  at  various  velocities  for  various  pipes  as ;  cast 
iron,  new,  clean  and  tuberculated ;  of  riveted  pipe,  wood  stave  pipe,  cement  pipe, 
circular  brick  tunnels,  etc.,  etc.     This  table  would  be  of  interest  to  students 
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and  also  of  value  to  engineers,  as  giving  at  a  glance  an  approximate  value  of 
C  which  can  be  used  when  not  too  elaborate  results  are  wanted. 

The  second  table  is  similar,  giving  the  value  of  c  by  the  Ilazen  and  Wil- 
liams formula  for  open  channels  of  various  kinds,  based  on  the  experiments 
of  Darcy  and  Bazin,  Fteley  and  Stearns,  Horton,  Cunningham  and  others. 
These  values  have  been  computed  by  means  of  the  authors'  special  slide  rule 
and  by  which  results  can  be  had  for  a  far  greater  range  of  variables  than  it 
would  be  practicable  to  show  in  tabular  form.  There  are  other  tables  show- 
ing the  application  of  the  W.  &  H.  formula  and  results  obtained  for  a  variety 
of  other  pipes,  as  of  brass,  iron,  etc.,  but  exhibiting  more  especially  the  loss 
of  head  in  feet  per  iooo  feet  in  length.  These  tables  are  carried  up  to  the  size 
of  144  in.  in  diameter. 

An  interesting  table  to  municipal  engineers  on  sewer  work,  is  one  giv- 
ing the  slopes,  in  feet  per  1,000  feet,  required  to  produce  a  definite  velocity  of 
flow  (from  2  to  10  feet)  in  sewers  of  sizes  ranging  from  4  in.  to  30  in.  of  tile, 
and  2.5  ft.  to  20  ft.  in  diameter,  of  brick.  As  a  sequence  to  this,  are  five  pages 
of  tables  for  tile  and  brick  sewers  from  4  in.  to  15  ft.  in  diameter,  showing 
the  discharge  in  cubic  feet  per  second,  running  full  and  at  various  slopes. 

In  the  latter  part  of  the  hook  are  28  pages  giving  the  computed  discharge 
per  foot  of  length  over  sharp  crested  vertical  wiers,  without  end  contraction, 
based  on  the  rather  complicated  formula  of  Bazin.  The  hydraulic  engineer, 
in  many  cases,  could  use  this  table  direct  from  his  specific  observations  and 
thus  get  results  without  using  the  Bazin  formula.  Following  this  are  a  series 
of  tables  giving  factors  for  obtaining  the  discharge  over  wiers,  other  than  the 
customary  vertical  one  with  a  sharp  edge,  as  those  with  broad  or  rounded 
or  compound  crests,  etc. 

The  book  should  be  of  much  value  to  engineers  engaged  in  sanitary  work 
or  hydraulic  power  development,  as  the  tables  cover  such  a  range  of  condi- 
tions that  desired  results  can  be  obtained  with  a  minimum  oi  mathematical 
computation.  W. 

The  Theory  and  Practice  of  Bridge  Construction.     By  Morgan  W.  Davies, 
Assoc.  M.  Inst.  C.  E.,  etc.     Cloth,  7>4x5  ins  ;  594  pages  with  over  500  il- 
lustrations.    Price  $3.75.     The  Macmillan  Company,  New  York,  1908. 
This  interesting  text  book  begins  with  the  subject  of  beams.     All  the  or- 
dinary cases  of  loading  are  discussed,  each  case  having  diagrams  illustrating 
the  loading,  moments,  and  shears,  while  the  text  gives  the  methods  of  find- 
ing the  same  at  any  place  in  the  beam  and  for  some  particular  example.     The 
treatment  accorded  to  many  different  kinds  of  trusses,  is   similar.     The   di- 
agram of  the  truss  is  shown  and  diagrams  showing  maximum  chord  stresses 
and  web  stresses  are  given,  and  also  an  example  is  completely  worked  out 
under  each  type  of  truss  shown.     A   few  examples  of  cantilever  bridges  are 
similarity  discussed. 

There  is  a  discussion  of  the  permissible  stress  on  wooden,  iron  and  steel 
beams  and  columns  and  the  methods  of  determining  the  strength  of  such. 
Also  on  the  strength  of  riveted  and  pin  joints,  on  deflection  and  on  the  con- 
tinuous girder.  Arches  are  treated  in  an  extended  discussion  with  plenty  of 
illustrations  and  actual  examples  worked  out.  Suspension  bridges  are  briefly 
discussed.  Bridges  which  open  and  which  included  many  special  types  are 
treated  in  a  very  competent  manner.  The  book  is  closed  with  two  chapters 
on  bridge  details.  The  author  is  to  be  commended  for  the  omission  of  Greek 
letters  and  formula ;  second,  for  the  use  of  special  examples,  and  third  for  the 
abundance  of  illustrations.  The  book  should  be  of  value  to  students  in  the  art 
of  bridge  design,  as  well  as  to  practicing  engineers.  J.  G. 

The  Elements  of  Physics.     A  College  Text-book.     By  Edward  L.   Nichols 
and   William  S.  Franklin.     In  Three  Volumes.     Vol.   II.   Electricity  and 
Magnetism.     New   edition;   entirely   rewritten.     The   Macmillan   Co.,   New 
York,  1907.     Cloth,  5l/2  by  Sy2  inches;  pp.  303-     Price  $1.60. 
This  book  fulfills  all  the  requirements  of  a  college  text-book  for  a  general 
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course  in  Electricity  and  Magnetism.  It  contains  all  the  essentials  and  omits 
all  the  non-essentials  of  the  subject.  One  of  the  most  striking  characteristics 
of  the  book  is  the  fact  that  the  arrangement  of  the  sub-divisions  of  the  sub- 
ject is  entirely  different  from  that  of  most  similar  works. 

The  first  chapter  deals  with  Magnetism,  explaining  the  magnetic  field  as 
a  state  of  ether  stress  and  magnetism  as  a  molecular  phenomenon.  The  sec- 
ond chapter  takes  up  the  Electric  Current,  explaining  its  effects,  magnetic, 
chemical,  heating,  etc.,  and  introduces  the  various  current  measuring  devices. 
The  next  chapter  deals  with  Electromotive  Force,  Resistance,  and  Joule's  law. 
Then  follow  in  the  order  given,  chapters  on  Induced  Electromotive  Force, 
explaining  the  dynamo,  induction  coil,  and  transformer ;  Electrolysis  with  the 
dissociation  theory  and  a  description  of  the  various  forms  of  voltaic  cells ; 
Electrical  Measurements  including  measurements  of  current,  resistance,  elec- 
tromotive force,  power,  and  magnetic  fields ;  Inductance,  self  and  mutual ; 
Magnetism  of  Iron,  giving  the  theory  and  methods  of  testing;  Thermo-elec- 
tric Currents;  three  chapters  on  electro-statics  covering  the  condenser,  the 
electric  field,  influence  electric  machines,  and  electrometers ;  the  Phenomena 
of  Electric  Discharge,  including  convective  and  disruptive  discharges,  the 
electric  arc,  cathode  and  Roentgen  rays,  ionization  of  gases,  Hertz's  experi- 
ments, electric  waves,  and  wireless  telegraphy. 

Chapter  XIV  takes  up  Some  Practical  Applications  of  Electricity  and  Mag- 
netism and  contains  an  explanation  of  the  Morse  telegraph,  diplex  telegraphy, 
duplex  telegraphy,  quadruplex  telegraphy,  synchronous  multiplex  telegraphy, 
printing  telegraphy,  telautograph,  submarine  telegraphy,  the  telephone,  electric 
lighting,  electric  furnace,  electrolytic  interrupter,  and  electric  welding.  Chap- 
ters XV,  XVI,  and  XVII  deal  with  Mechanical  Conceptions  of  Electricity  and 
Magnetism,  the  Electromagnetic  Theory  of  Light  and  Distributed  Quantity 
explaining  the  various  geometrical  notions  which  arise  in  the  study  of  electric- 
ity and  magnetism.  The  book  is  concluded  with  a  list  of  145  representative 
problems  covering  the  whole  subject.  The  work  should  appeal  especially  to 
instructors  having  in  charge  a  course-  in  college  physics.  F.  A.  R. 

The  Design  and  Equipment  of  Small  Chemical  Laboratories.     Richard  K. 

Meade,  B.  S.,  Editor  of  the  Chemical  Engineer.     The  Chemical  Engineer 

Publishing  Co.,  Chicago.     Cloth  ;  6  by  9  in. ;  136  pages  with  in  illustrations. 

Price  $2.00,  postpaid. 

To  the  chemist  who  has  not  had  the  opportunity  of  traveling  over  the 
country  and  visiting  many  of  the  laboratories  in  existence,  this  work  will 
undoubtedly  prove  of  material  benefit  as  a  guidance  in  the  proper  arrange- 
ment and  equipment  of  a  chemical  laboratory.  It  is  appreciated  that  the  lay- 
ing out  and  equipment  is  dependent  very  largely  upon  the  class  of  work  which 
is  to  be  carried  on.  The  matter  set  forth  in  this  book,  however,  represents 
the  fundamental  principles  involved  in  equipping  a  laboratory  for  almost  any 
class  of  work.  It  has  the  advantage  of  not  only  being  rather  profusely  il- 
lustrated with  cuts  of  apparatus  for  different  purposes,  but  also  gives  the 
names  of  the  manufacturers  or  dealers  in  same.  This,  especially  to  the  young 
chemist,  is,  we  believe,  an  advantage. 

The  illustration  on  page  34,  of  "Pump  and  Receivers  for  Blast  or  Suc- 
tion," seem  to  be  not  strictly  up-to-date,  especially  for  laboratories  located 
where  an  electric  current  can  be  had,  as  with  the  more  modern  motor  driven 
blower  and  exhaust  fans,  or  small  air  compressors,  the  hand  pump  and  room 
occupied  by  storage  tanks  is  eliminated. 

ChapterXI  on  "Apparatus  for  Electrochemical  Analysis"  will  no  doubt 
prove  valuable  even  to  those  in  charge  of  some  of  the  older  and  longer  estab- 
lished laboratories,  as  this  method  of  separation  of  many  of  the  elements  is 
gaining  ground  from  time  to  time.  W.  A  C. 

Practical  Calculations  of  Transmission  Lines.  By  L.  W.  Rosenthal,  E.E., 
Assoc.  M.,  A.  I.  E.  E.  McGraw  Publishing  Co.,  New  York,  1909.  Cloth ; 
gY2  by  6l/i  ins. ;  pp.  93 ;  man\  tables  and  formulae.     Price,  $2.00  net. 
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The  author  in  his  preface  states  that  his  object  has  been  to  provide  data 
and  formulas  so  arranged,  that  by  the  substitution  of  known  factors,  problems 
in  alternating  and  direct  current  transmission  and  distribution  work  can  be 
readily  solved  without  the  necessity  of  long  and  involved  calculations.  The 
size  of  wire  is  determined  directly  from  the  volt  loss  by  substitution  of  known 
factors  taken  from  suitable  tables. 

The  above  object  is  accomplished  by  combining  all  the  items  involved  by 
means  of  tables,  and  developing  formulas  which  giye  ths  results  directly. 

Chapter  No.  I  is  devoted  entirely  to  ordinary  direct  current  distribution 
calculations.  Tables  are  given  showing  the  variation  of  the  conductivity  of 
different  conductors  at  different  temperatures,  the  properties  of  conductors 
of  different  sizes,  and  other  variable  factors. 

Standard  formulas  for  calculating  the  heating  of  conductors,  resistance  of 
conductors  in  parallel,  etc.,  are  given,  after  which  the  author  has  given  for- 
mulas conveniently  arranged  and  including  the  above  variables,  so  that  calcu- 
lations may  be  made  by  direct  substitution  of  known  terms. 

The  second  chapter  is  devoted  especially  to  direct  current  railway  calcu- 
lations. The  tables  and  formulas  are  arranged  similarly  to  those  in  Chapter 
No.  i,  the  subject  matter  being  different  although  the  methods  are  the  same. 
Attention  is  given  to  the  calculation  of  the  drop  along  the  return,  whether  by 
rail,  rail  reinforced  by  cropper,  double  trolley,  or  conduit. 

Chapter  No.  3  is  devoted  to  the  calculation  of  alternating  current  trans- 
mission by  overhead  wires. 

The  present  methods  of  calculation  of  alternating  current  distribution  are 
often  tedious  and  complicated,  some  items  necessitating  repeated  trial  calcu- 
lations before  the  final  result  is  secured.  These  trial  methods  are  not  neces- 
sarily accurate  for  all  practical  conditions.  The  author  describes  his  method 
as  follows  : 

"All  items  which  depend  on  the  frequency,  size  of  wire,  load  power-factor 
--nd  wire  spacing  were  grouped  into  the  term,  which  is  denoted  by  the  symbol 
'M,''  and  called  the  wire  factor.  All  other  variables  that  determine  the  size 
of  wire  were  grouped  into  the  second  member  of  the  equation  of  "M."  Then 
after  introducing  the  proper  transmission  factors,  the  equation  took  the  form 
shown  in  the  table  of  formulas  opposite  the  size  of  wire.  The  remaining 
formulas  are  simpje  derivatives  either  from  the  equation  of  "M,"  or  from  well 
known  relations." 

The  author,  in  support  of  his  method,  gives  a  table  showing  the  variation 
of  the  accuracy  of  the  results  obtained  by  the  present  methods  of  calculation 
for  different  frequencies,  power  factor  and  size  of  wire.  In  some  cases  the 
error  is  stated  to  be  as  high  as  200%. 

Considerable  space  is  given  to  a  discussion  of  the  different  variables  and  to 
explanations  of  his  method.  Problems  are  given  and  worked  out  in  detail, 
illustrating  the  application  of  his  method  in  practical  problems.  The  latter 
portion  of  the  chapter  is  devoted  to  the  formulas  and  tables  of  the  various 
factors  required  for  substitution. 

The  next  chapter  is  confined  to  underground  alternating  current  calcu- 
lations for  determining  the  size  of  conductor,  drop,  heating,  etc.  The  methods 
are  the  same  as  for  overhead  conductors,  although  the  tables  are  naturally 
different.  A  chapter  is  devoted  to  the  calculations  of  interior  wiring,  giving 
the  necessary  formulas,  tables  etc.  The  last  chapter  is  devoted  to  single  phase 
distribution  for  railways. 

The  methods  of  the  author,  although  not  new  in  principle,  are  novel  in 
their  applications.  The  complicated  equations  have  been  eliminated,  and  their 
places  supplied  by  simple  formulas,  v/hose  terms  are  obtained  from  groups 
of   table  containing   the   variable   quantities. 

Many  calculations  of  practical  transmission  problems  have  been  made  by 
the  author's  methods,  and  compared  with  results  from  the  present  methods,  and 
while  the  same  final  results  are  obtained,  his  methods  are  accurate  and  ap- 
plied with  unusual  facility. 
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Throughout  the  book  considerable  space  is  given  to  discussion  of  the  ef- 
fects of  the  different  variables,  and  to  explanation  in  detail  of  the  application 
of  the  methods.  Many  problems  are  worked  out  in  the  different  chapters 
clearly  illustrating  the  application  of  the  formulas.  The  book  should  be  very 
desirable  to  the  profession,  at  least  as  a  means  of  checking  figures,  if  not  for 
the  primary  calculations.  E.  F.  S. 

Reservoirs  for  Irrigation.  By  James  D.  Schuyler,  M.  Am.  Soc.  C.  E.,  2nd 
edition,  revised  and  enlarged.  New  York,  John  Wiley  &  Sons,  1908.  Cloth, 
573  pages,  6l/2  by  io}4  ins.  with  6  folding  plates  and  381  illustrations.  Price, 
net,  $6.00. 

It  is  of  some  interest  just  now,  to  know  that  since  this  book  was  issued, 
the  author,  Mr.  Schuyler,  was  selected  by  President  Roosevelt  as  one  of  a  com- 
mittee of  expert  engineers  to  visit  the  Panama  Canal,  and  give  an  opinion  on 
that  piece  of  work.  This  related  particularly  to  the  type  of  canal  with  locks 
which  is  under  construction  and  incidentally  upon  the  stability  of  the  Gatum 
Dam,  about  which  there  have  been  many  conflicting  statements  in  the  news- 
papers. The  author  has  brought  out  a  large  volume  which  is  mostly  descrip- 
tive, with  views  of  various  dams  (in  many  cases  taken  by  himself)  constructed 
for  the  purpose  of  creating  reservoirs  of  water.  These  dams  cover  a  wide 
range  of  situations,  sizes,  modes  of  construction,  etc.,  and  the  book  is  of  great 
value  to  the  engineer  at  all  concerned  in  this  class  of  work.  If  he  has  a 
problem  relating  to  the  construction  of  a  reservoir  by  means  of  a  dam  for 
the  improving  of  a  water  supply  for  irrigation  purposes,  or  hydro-electric 
power  development,  or  a  municipal  water  supply,  then  a  study  of  the  many 
examples  of  dams  shown  in  this  book,  would  at  least  give  him  some  valuable 
data  as  to  this  work,  if  it  would  not  give  an  example  of  design  and  construc- 
tion applicable  to  the  piece  of  work  he  has   in  hand. 

The  title  says :  for  Irrigating,  Water  Power,  etc.,  and  this  seems  a  reason- 
able order,  when  it  is  known  that  the  first  draft  of  the  book  was  written  for 
the  U.  S.  Geological  Survey  as  one  of  the  "Water  Supply  and  Irrigation 
Papers." 

The  earlier  type  of  dams  for  irrigation  use  and  in  the  mining  districts, 
were  of  rock  fill  with  perhaps  a  sheathing  of  planks,  or  perhaps  an  earth 
covering.  The  next  modification  was  the  use  of  an  earth  fill  over  or  above 
the  rock  base,  by  sluicing  or  hydraulic  work.  Many  dams  of  this  con- 
struction have  proved  very  serviceable.  The  unit  of  capacity  of  Irrigation 
reservoirs,  the  "Acre-foot,"  is  one  that  is  not  so  readily  comprehended  by 
engineers  engaged  in  hydro-electric  work  or  for  municipal  water  supplies, 
but  is  largely  used  through  this  book  because  of  the  earlier  work  of  the 
author.  There  are  many  descriptions  of  dams  as  built,  whether  in  the  United 
States  or  Canada,  Mexico,  or  elsewhere,  with  many  illustrations  from  photo- 
graphs and  some  from  line  drawings.  The  book  does  not  go  into  any 
mathematical  discussion  of  stability,  or  theory  of  design,  but  is  a  description, 
generally  full  in  detail,  of  dams  that  have  been  built,  how  built,  and  the  cost 
of  construction  in  many  cases  is  given.  Failures  of  certain  dams,  such  as 
that  of  Austin,  Texas  and  others  are  also  recorded. 

The  book  is  an  interesting  one  to  read,  even  by  the  layman,  with  its  many 
illustrations,  and  is  a  valuable  contribution  to  the  literature  on  this  subject. 

The  Portland  Cement  Industry  from  a  Financial  Standpoint.  By  Edwin 
C.  Eckel.  From  Moody's  Magazine,  New  York,  1908.  Size,  6  by  9  ins. 
Cloth  bound,  93  pages  and  a  two  page  map  of  United  States  showing  loca- 
tion of  Portland  cement  plants.     Price,  $2.00  net. 

The  author  of  this  valuable  and  interesting  little  book  is  known  to  many 
by  his  connection  with  the  U.  S.  Geological  Survey,  as  author  of  Reports 
on  Production  of  Portland  Cement  in  various  years  and  different  localities. 
He  is  also  the  author  of  a  valuable  text  book  on  "Cements,  Limes  and  Plaster," 
published   by   Wiley   &   Sons,   New   York.     This    present   work  may  not  be 
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engineering  in  a  strictly  technical  sense,  but  is  engineering  in  the  higher 
sense,  that  it  gives  sane  and  conservative  advice  on  the  Portland  cement 
industry  from  the  view  point  from  which  all  projects  must  sooner  or  later 
be  considered,  "Will  it  Pay?" 

The  first  chapter  is  an  historical  sketch  of  the  manufacture  of  Portland 
cement,  abroad  and  in  this  country,  including  a  reference  to  the  rotary  kiln 
and  the  improvements  in  grinding  machinery,  the  two  factors  which  have 
had  the  most  influence  on  the  growth  and  development  of  the  cement  industry, 
with  the  consequent  lowering  of  prices. 

The  next  chapter  is  more  statistical,  showing  the  production  of  Portland 
cement,  quantity,  and  value  in  various  states  and  in  districts,  and  also  the 
imports  and  exports,  with  a  table  of  apparent  consumption  annually  and  the 
decline  in  price  since  1880.  In  17  years,  from  1890  to  1907,  the  production  of 
Portland  cement  increased  from  about  1/3  million  barrels  to  nearly  49  million 
barrels,  or  nearly  145  times,  but  the  price  per  barrel  during  that  time  (with 
some  occasional  exceptions)  has  fallen  from  $3.00  to  below  $1.00  per  barrel 
in  1904.  Of  course  during  this  time  there  have  been  many  improvements  in 
the  manufacture  and  a  consequent  cheapening  in  the  cost  of  production,  yet  a 
knowledge  of  the  true  financial  conditions  of  many  going  concerns  would 
doubtless  show  them  to  be  unprofitable  to  their  owners,  if  not  absolutely 
money    losers. 

This  leads  naturally  to  Chapter  III,  "The  Outlook  for  the  Future,"  in 
which  the  "Future  Growth,"  "Possible  Decreases  in  Costs,"  "Future  Course 
of  Prices,"  "Possible  Price  Regulation,"  etc.,  etc.,  are  valuable  and  instructive 
to  the  general  reader.  A  careful  study  of  this  chapter  and  the  next  on 
"The  Factors  Influencing  the  Valuation  of  Cement  Securities,"  and  indeed 
of  the  whole  book,  should  be  made  by  everyone  before  investing  any  money 
in  new  cement  projects.  Space  does  not  permit  more  detailed  reference  to 
the  various  sub-heads  of  succeeding  chapters,  but  the  author  further  shows 
his  wide  knowledge  of  the  whole  subject. 

The  book  is  well  written  and  printed  in  an  attractive  form.  It  should  be 
thoroughly  read  and  comprehended  by  those  who  are  interested  in  the  manu- 
facture of  Portland  cement,  or  who  are  "approached"  to  take  an  interest  and 
invest  good  money  in  some  new  and  alluring  proposition  for  a  Portland 
cement  manufactory.  W. 

Engineer's  Pocket  Book  of  Reinforced  Concrete.    By  E.  Lee  Heidenreich, 

Civil  Engineer,  M.  Am.  Soc.  Test.  Mat.,  M.  Am.  Inst.  Min.  Eng.     Myron 

C.    Clark   Publishing   Co.,   Chicago.     Flexible   leather,   pocket-book    style ; 

4^2  by  6l/2  ins.;  pp.  365;  164  figures  in  text;  LXXXII  tables.    Price,  $3.00. 

In  the  opinion  of  the  reviewer,  this  is  really  a  good  book  and  worth  the 

money.     It  is  very  elementary  in  spots  but  that  is  a  strong  point  in  its  favor, 

for  many  of  the  books  published  are  weak  on  elementary  points  in  connection 

with    reinforced    concrete    design    and    the    planning    of    reinforced    concrete 

structures.     We  have   in  this  book  the   usual   matter   to  be  found   in  works 

dealing  with  structural  material  relating  to  construction  operations,  but  it  is 

greatly  abridged  and  collected  from  new  sources,  many  of  the  works  being 

those  of  the  author  of  the  book.     For  one  thing  he  has  given  in  detail  the 

design  of  a  building  Yvjth  all  the  footing  calculations. 

There  are  some  very  good  slab  tables  and  a  most  complete  set  of  tables 
for  spirally  wound  columns.  There  is  also  a  good  chapter  on  arch  bridges, 
and  the  subject  is  treated  very  well,  but  like  the  majority  of  authors  who 
treat  on  the  arch  the  author  forgets  that  an  arch  bridge  consists  of  the  arch 
ring  and  the  abutments  and  he  tGuches  only  upon  the  arch  ring,  omitting 
any  reference  to  abutments  except  to  assume  that  they  are  rigid. 

He  covers  the  ground  in  that  he  has  good  chapters  on  retaining  walls, 
bins  and  elevators,  dams,  sewers,  conduits,  etc.  At  present  it  is  probably  the 
best  American  pocket  book  on  reinforced  concrete  and  will  be  found  very 
useful  by  many  designers.  E.  McC 
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Aids  to  Shippers.    By  the  Forwarding  Department  of  Oelrichs  &  Co.,  Bowling 

Green  Bldg.,  New  York.     Boards,  63^  by  9  ins.,  62  pages,  1908. 

This  valuable  hand-book,  to  those  at  all  interested  in  our  foreign  trade, 
has  been  prepared  by  the  American  representatives  of  the  North  German 
Lloyd  Steamship  Co.  It  is  indeed  an  "Aid  to  a  Shipper"  besides  being  a  skill- 
fully prepared  "solicitor  for  business"  for  that  great  German  marine  trans- 
portation company.  The  magnitude  of  this  company  may  be  inferred  when 
this  book  shows  fourteen  different  steamer  lines  to  Germany  with  stops  at 
Plymouth  and  Cherbourg;  the  Mediterranean;  the  Levant;  also  Baltimore; 
Savannah  and  Galveston  to  Germany,  Australian  service  from  Germany,  and 
to  Brazil,  the  River  Platte,  Cuba,  Japan  and  the  East  Indies.  It  would  seem  as 
though  there  was  hardly  a  port  of  any  consequence  throughout  the  world 
that  could  nto  be  reached  by  the  service  of  the  North  German  Lloyd  S.  S.  Co. 

The  "Primary  Suggestions"  are  common-sense  instructions  too  often 
ignored,  or  forgotten,  with  consequent  delays  and  increased  expenses.  These 
instructions  include  packing  and  marking  consignments,  Weights,  Legal,  Net 
and  Gross;  Drafts,  Duties  in  Foreign  Countries,  Insurance,  Terms  of  Sale,  etc. 
There  are  tables  of  value  of  foreign  coins  and  currencies  and  foreign  moneys 
reduced  to  U.  S.  equivalents  at  par,  foreign  weights  and  measures  with  cor- 
responding U.  S.  equivalents ;  also  metric  weights  and  measures.  There  are 
also  some  seven  pages  giving  express  rates  from  New  York  to  various  foreign 
ports,  that  are  valuable. 

The  book  may  be  had  on  application  to  the  publishers. 

TRADE  CATALOGUES. 

Heyworth-Newman  Excavators.  By  James  O.  Heyworth,  Harvester  Bldg., 
Chicago.     Oblong,  10  by  6l/2  ins.,  24  pages. 

This  handsome  publication  describes,  with  a  dozen  fine  illustrations  of  half 
tone  and  line  engravings,  this  drag-scraper  excavator  and  the  work  in  which 
it  has  been  employed.  For  a  variety  of  situations  this  machine  possesses  ad- 
vantage over  the  ordinary  steam  shovel,  possessing  a  long  reach,  ready  action, 
and  convenient  dumping  arrangements.  Some  extensive  contracts  in  excava- 
tion have  been  executed  by  James  O.  Heyworth  &  Co.,  with  this  machine, 
with  widely  varying  material,  as  sand  under  water  at  Michigan  City,  clay  at 
Evanston,  glacial  drift  at  Gary,  and  hard  pan  at  Lake  Forest.  The  publishers 
are  to  be  commended  for  issuing  such  a  handsome  and  instructive  catalogue. 

Jeffrey  Rubber  Belt  Conveying  Machinery.  Jeffrey  Manufacturing  Co., 
Columbus,  Ohio.     Catalogue  67  D,  6  by  9  ins.,  48  pages. 

This  circular,  with  a  great  many  fine  half  tone  illustrations,  shows  applica- 
tions of  rubber  belt  conveyors  as  applied  to  a  great  variety  of  situations  and 
of  materials,  as  coal  to  coal  storage  bins,  ore  to  and  from  bins,  stone  and 
clay,  etc.  One  installation  of  interest,  locally,  is  that  of  the  Chicago  Post  Office 
for  handling  the  sacks  of  U.  S.  mail  in  the  Post  Office  and  at  the  R.  R. 
Stations.  Anyone  interested  in  the  problem  of  handling  material,  whether 
conveying  or  elevating,  will  find  a  study  of  this  book  both  interesting  and 
profitable. 

American  Equipment  Co.,  Norristown,  Pa.  The  Mitchell  Bridge  Erecting 
and  R.  R.  Wrecking  Car  Catalogue  A  2,  1908.  Pamphlet,  634  by  934'  ins., 
12  pages. 

This  catalogue  is  well  illustrated  with  a  number  of  line  engravings  showing 
the  various  parts  of  the  equipment  and  arranged  for  various  uses  in  bridge 
erection  or  wrecking  work.  The  car  proper  is  built  especially  for  the  service 
demanded  ;  the  design  and  construction  of  the  several  parts  is  excellent ;  the 
dismounting  of  the  boom,  50  ft.  long,  and  storing  it  below  the  A  frame 
within  a  pocket  provided  for  the  purpose  in  the  car,  is  a  point  of  considerable 
advantage  when  shipping  the  car  from  one  point  to  another  on  the  line. 
The  A  frame  is  of  very  substantial  construction  and  can  be  folded  back  on  to 
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the  car,  thus  reducing  the  head  room  when  in  transit.  The  car  is  provided 
with  two  auxiliary  booms,  placed  at  either  side  of  the  main  boom,  to  be  used 
in  erection  work  or  can  be  used  as  stays  or  anchorages  when  the  main 
boom  is  lifting  loads  from  the  side  of  the  track.  Steam  power  of  ample 
capacity  is  provided  for  the  hoisting  engine  and  also  for  an  auxiliary  engine 
which  applies  power  through  chain  gearing  to  the  forward  truck  for  moving 
the  car,  as  in  carrying  forward  material  to  be  erected.  The  speed  of  this 
movement  is  usually  4  miles  per  hour,  but  when  not  carrying  a  load  suspended 
from  the  boom,  may  be  increased  up  to  15  miles  per  hour.  When  moving  the 
car  a  considerable  distance  the  boom  is  disconnected,  the  A  frame  put  back  on 
the  car,  the  chain  gear  from  the  forward  truck  is  taken  off,  and  the  car  can 
be  moved  any  desired  distance  by  locomotive  power. 

When  its  destination  is  reached,  by  its  own  steam  power  the  A  frame 
and  the  boom,  or  booms,  are  set  up  in  place,  all  within  a  short  space  of  time 
and  the  car  is  ready  for  its  work. 

The  capacity  of  the  car  ranges  from  40  tons,  at  a  25  ft.  reach,  to  10  tons 
at  a  70  ft.  reach,  the  full  length  of  the  boom.  The  whole  design  has  been 
most  thoroughly  worked  out  by  Mr.  S.  P.  Mitchell,  the  president  of  the 
company,  who  did  some  notable  bridge  erection  while  with  the  Edge  Moor 
Bridge  Co.,  some  years  ago. 

The  Vulcan  Iron  Works,  Chicago.  Pile  Driving  Machinery.  Catalogue  No. 
31,  1909. 

This  little  pamphlet  of  60  pages,  5  by  &/2  ins.,  contains  a  great  deal  of 
interesting  matter  to  those  engaged  in  driving  piles.  Various  sizes  and 
weights  of  pile  drivers  are  shown,  which  are  supplied  complete  with  all  wood 
work ;  or  iron  work  only  can  be  purchased,  with  drawings  and  bill  of  timber 
required  by  which  the  purchaser  can  get  out  the  complete  machine  and  save 
the  cost  of  transporting  the  wood-work.  Considering  the  length  of  leaders 
and  other  parts  of  the  frame,  with  the  consequent  cost  of  transporting  to  any 
distance,  it  is  frequently  cheaper  for  the  purchaser  to  provide  himself  with 
the  necessary  wood-work,  at  the  place  where  the  work  is  to  be  done. 

The  well  known  Warrington  steam  pile  driver  is  also  described  in  the 
book,  and  its  advantages  in  work,  particularly  if  heavy,  and  there  is  much  of 
it,  is  shown.  Prices  for  the  several  parts  and  of  the  complete  machine  are 
not  given,  but  these  can  be  had  on  application  to  the  Vulcan  Iron  Works, 
No.  28  North  Irving  Ave.,  or  Station  "D"   Chicago. 

Morse  Silent  Running  High  Speed  Chains.  The  Morse  Chain  Co.,  Earl 
C.  Moss,  Chicago  Manager,  room  805,  Merchants  Loan  &  Trust  Bldg., 
Chicago.    Catalogue  No.  7,  Pamphlet,  6  by  9  ins.,  20  pages. 

This  is  a  very  neat  catalogue  of  the  Morse  Chains  used  in  transmitting 
power  in  rotating  machinery.  The  sprocket  wheels  and  pinions,  on  the  motor, 
and  the  machine,  are  virtually  gear  wheels  though  with  the  teeth  shaped 
somewhat  different  from  those  of  the  regular  spur  gears.  The  chain  may 
be  likened  to  an  endless  and  flexible  rack,  with  teeth  of  a  size,  shape  and  pitch, 
to  properly  mesh  with  the  gear  wheels  or  sprockets  of  the  driving  and  the 
driven  machine.  The  shaping  of  the  teeth  of  the  sprockets  of  the  gear  and 
pinion  is  of  importance,  but  of  yet  more  inportance  is  the  shaping  of  the 
flat  steel  plate  links  of  the  chain,  so  formed  that  parts  of  each  link  fit  into 
and  properly  mesh  with  the  sprockets  and  thus  transmit  the  power  by  a 
positive  action.  Of  the  highest  importance  in  the  Morse  Silent  Running  Chain 
Drives,  is  the  Morse  Rocker  Joint  pivot  which  gives  the  flexibility  to  the 
chain.  This  construction  is  such  that  there  is  not  the  rubbing  action  and 
wear  of  a  cylindrical  pin,  but  the  pivot  is  made  of  two  peculiarly  shaped 
pins  of  tool  steel  so  fitted  in  the  links  of  the  chain  that  the  flexing  of  the 
chain  is  from  a  rocking  motion  between  the  faces  of  the  compound  pin.  The 
friction  due  to  rubbing  action  (resulting  in  wear),  is  a  minimum^  nor  is  it 
necessary  to  provide  lubrication  for  the  pivots  with  this  rocker  action.  This 
last  feature  is  a  valuable  one  for  with  high-speed  chains,  lubrication  is  very 
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difficult  to  obtain.     The  device  is  an  admirable  one  and  the  book  will  repay 
the  study  of  those  concerned  in  the  transmission  of  power. 

Camp-Duct.     The  H.  B.   Camp  Co.,  Manufacturers  of  Vitrified  Salt-glazed 
Conduit  for  Electrical  Subways,  Chicago,  Commercial  National  Bank  Build- 
ing.    Pamphlet,  7  by  n  ins.,  16  pages,  followed  with  14  pages  of  line  en- 
gravings interleaved  with  cross-section  paper  suitable  for  notes  and  sketches. 
The  line  illustrations,  show  various  forms,  sizes  and  combinations  of  ducts 
for  underground  work  with  drawings  for  construction  of  manholes,  etc.     In 
the  text  is  a  table  for  computing  the  cost  of  underground  conduits,  followed  by 
a  typical  specification  and  contract  for  the  construction  of  such  work.    There 
are  also  some  letters  of  testimony  from  users  of  the  Camp  Duct,  showing  it 
had  the  approval  of  those  who  have  used  it.    For  those  in  anyway  interested 
in  underground  electrical  work,  the  pamphlet  should  be  of  interest  and  use. 

Review  of  Concrete  Chimneys.    The  Weber  Co.,  Chicago.    Pamphlet,  6  by  9 
ins.,  24  pages  with  3  H.  T.  illustrations. 

Our  Pride.     The  Weber  Co.,  Marquette  Bldg.,  Chicago.     Pamphlet,  s3A  by 
7%.  ins.,  16  pages. 

These  two  pamphlets  relate  to  concrete  chimneys  as  built  by  the  Weber 
Co.  The  smaller  pamphlet,  "Our  Pride,"  is  a  list  of  Weber  chimneys  with 
sizes,  as  constructed  by  this  company  from  their  own  designs,  in  38  different 
states  in  the  union  and  also  in  the  District  of  Columbia.  Also  others  built  in 
the  Canadian  provinces  and  in  Europe.  Such  a  list  is  valuable  as  showing 
the  extensive  business  of  the  Weber  Co.,  in  chimney  construction ;  also  it 
has  a  value  as  a  directory  of  Weber  chimneys  to  aid  a  possible  purchaser  to 
visit  the  plants  where  such  chimneys  have  been  erected,  and  learn  first-hand, 
from  those  making  use  of  the  chimneys,  whether  they  are  satisfactory  or  not. 

The  larger  pamphlet  is  an  argument  in  favor  of  concrete  chimneys  in 
general,  and  particularly  of  the  Weber  construction  with  its  system  of  rein- 
forcement. There  is  no  doubt  but  that  the  Weber  Co.  have  been  successful 
in  their  work,  having  built  hundreds  of  such  chimneys,  some  of  remarkable 
magnitude,  and  one  would  judge,  to  the  satisfaction  of  the  purchaser.  As 
a  review  of  concrete  chimneys,  the  pamphlet  would  have  much  greater  value 
to  engineers  if  it  contained  more  specific  and  detailed  information  as  to  the 
construction,  method  of  reinforcing,  preparation,  erection  and  removal  of 
forms,  the  handling  of  concrete,  etc.  But  it  is  probably  asking  too  much  to 
look  for  such  valuable  engineering  data  to  be  published  and  distributed  gratis, 
when  it  is  a  valuable  part  of  their  business. 
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LIBRARY  NOTES. 

The  Library  Committee  wishes  to  express  thanks  for  donations 
to  the  library.  Back  numbers  of  periodicals  are  desirable  for  the 
change  and  in  completing  valuable  volumes  for  our  files. 

Since  the  issue  of  the  Journal  for  February,  1909,  we  have  the 
pleasure  to  report  the  following  additions  to  the  library  and  gifts 
from  donors  named: 

MISCELLANEOUS  GIFTS. 

E.   E.   R.  Tratman,  m.w.s.e.,  Bulletin  International  Railway  Congress,  Jan. 
1909.     Pam. 
Report   of   General   Manager    of   Railways,    Cape    of   Good 

Hope,   1907.     Pam. 
University  of  Illinois,  Bulletins  Nos.  1,  4,  28. 
Illinois  State  Geological  Survey,  Bulletin  No.  8.     Cloth. 
Water  Supply  and  Irrigation  Papers,  Nos.  217,  220,  221,  222, 

225,  226. 
Proceedings  American  Society  of  Civil  Engineers,  Feb.  and 

March,  1909.    2  pams. 
Illinois  Waterway  Report,  1909.    Pam. 
Proceedings  18th  Annual  Convention  American  Railway  B.  & 

B.  Assn.    Pam. 
Wisconsin  Survey  Bulletin  No.  20,  Water  Powers  of  Wis- 
consin.   Cloth. 
Transportation  by  Water,  Census  Office     Cloth. 
Etude  sur  L' Aviation.     Pam. 

Journal,  Railway  Signal  Association,  Feb.,   1909.     Parm 
Progress  Report,  Joint  Commission  of  Concrete  and  Rein- 
forced Concrete  Commission.    2  pams. 
Joint  Meeting  of  Mathematicians  and  Engineers.     Pam. 
Proceedings  Association  of  Transportation  and  Car  Account- 
ing Officers,  Dec,  1908.     Pam. 
Public  Health,  Michigan,  Jan.-Mar.,  1909. 
General   Map  of  Relocated  and  Present  Operated  Lines  of 
Panama  Ry. 
Dwight  C.  Morgan,  m.w.s.e.,  Minneapolis,  Supplement  to  Annual  Report  of 
R.  R.  &  Warehouse  Commission  of  Minn. 
Report  of  Dwight  C  Morgan,  Engr.,  To  R.  R.  &  Warehouse 
Comm.  of  Minn. 
M.  C.  Clark  Publishing  Co.,  Chicago,  Engineers'  Pocketbook  of  Reinforced 
Concrete,  Heidenreich.    Leather. 
Engineering  Work  in  Towns  and  Cities,  McCullough.    Cloth. 
W.  Plenkner,  Vienna,  Austria,  A  Study  of  the  Damming  Effect  of  Bridge 

Piers  upon  Streams.    Pam. 
Department  of  Mines,  Western  Australia,  Report  on  the  Northampton  Mineral 
Field.     Pam. 
Report  on  the  Kanowna  Mines.     Pam. 
Report  on  the  Mines  of  the  Yilgarn  Goldneld. 
A.  O.  Cunningham,  St.  Louis,  Engine  Terminal  Facilities  Constructed  by  the 

Wabash  R.  R.  at  Decatur,  111.    Pam. 
James  E.  Wonders,  Columbus,  Ohio,  4th  Annual  Report  of  State  Highway 

Department  of  Ohio.    Pam. 
Board  of  R.  R.  Commissioners  of  Mass.,  40th  Annual  Report,  1908.    Cloth. 
New  Jersey  Sanitary  Association,  Proceedings  of  34th  Annual  Meeting.    Pam. 
Boston  Transit  Commission,  14th  Annual  Report  of  Commission,  1908.    Cloth. 
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The  Technology  Club,  Syracuse,  N.  Y.,  Industrial  Engineering  and  Organiza- 
tion Trump.     Pam. 
American   Railway    Bridge   and    Building   Association,    Proceedings   of    18th 

Annual  Convention,  1908.     Pam. 
Iowa  State  Geological  Survey,  Annual  Report,  1907.     Cloth. 
McGraw  Publishing  Co.,  New  York,  Law  and  Business  of  Engineering  and 

Contracting.     Fowler.     Cloth. 
Transmission  Calculations.     Rosenthal.     Cloth. 
Heat,  Energy  and  Fuels.    Jiiptner.    Cloth. 
Dr.   Edward   Bartow,   Director,   University  of   Illinois,   State   Water   Survey 

Bulletin  No.  6.     Cloth. 
Chemical  Engineer  Publishing  Co.,  Chicago,  The  Design  and  Equipment  of 

Small  Chemical  Laboratories.    Mead.    Cloth. 
Geological  Survey  of  Michigan,  Vols.  5.  6,  7,  8,  9  of  Survey.    7  books,  cloth. 

Annual  Reports  1903-4-5-6.    4  pams. 
American  Society  of  H.  &  V.  Engineers,  Transactions,  1907.    Cloth. 
Wagner  Free  Institute  of  Science,  Philadelphia,  Transactions,  Vols.  1-6  incl. 
Drexel  Institute,  Philadelphia,  Year  Book,  1908-09.    Paper. 
Maj.  T.   H.   Rees,  m.w.s.e.,  Topographical   Surveying  and  Sketching.     Rees. 
Dwight  C.   Morgan,   m.w.s.e.,  Reports   of   R.   R.   &  Warehouse   Commission, 

Minn.,  1905-6-7.     3  books,  cloth. 
Thomas  W.  Jaycox,  Denver,  Colo.,  14th  Biennial  Report  of  State  Engineer  of 

Colo.    2  pams. 
Commissioner  of  Public  Works,  Trenton,  N.  J.,  Report  of  Commissioner  of 

Public  Works  for  1908.    Cloth. 
Commissioner  of  Highways,  Augusta,  Me.,  Report  of  Commissioner  for  1908. 
Dr.  Oskar  Nagel,   New   York,  The   Mechanical  Appliances   of  the   Chemical 

and  Metallurgical  Industries.     Nagal.     1908.     Cloth. 
Dr.  C.  O.  Probst,  Columbus,  Ohio,  Water  and  Sewage  Purification  in  Ohio, 

1908.  Cloth. 

National  Association  of  Cotton  Manufacturers,  Boston,  Transactions,  Semi- 
annual Meeting,  1908.     Bds. 

Paul  D.  Sargent,  Augusta,  Me.,  1st,  2nd,  and  3rd  Annual  Reports  of  Commis- 
sioner of  Highways,   State  of  Maine.     3  vols.,  cloth. 

The  Macmillan  Co.,  New  York,  Applied  Mechanics  for  Engineers.    Hancock. 

A.  Gibb  Maitland,  Perth,  W.  A.,  Geological  Survey,  Western  Australia, 
Bulletins  31  and  34.     2  pams. 

Canadian  Society  of  Civil  Engineering,  Montreal,  Report  of  Annual  Meeting, 

1909.  Pam. 

List  of  Members,  1909.    Pam. 
Internal  Improvement  Commission  of  Illinois,  Illinois  Waterway  Report.  Pam. 
Wm.  H.   Scoville,  New  Haven,  Conn.,  Report  of  Bureau  of  Labor  of  Con- 
necticut, 1908.    Cloth. 
Prof.  L.  P.  Breckenridge,  m.w.s.e.,  Bulletins,  University  of  Illinois,  18-26  incl. 

1907-08.     Bound  vol. 
American  Gas  Institute,  N  Y.,  Transactions,  1908.     Cloth. 
American  Mining  Congress,  Denver,  Proceedings  of  nth  Annual  Session,  1908. 
Samuel  M.  Rowe,  m.w.s.e.,  Preservation  of  Timber.    Rowe.    Leather. 
Dr.   C.  O.   Probst,  Columbus,  Ohio,  22nd  Annual  Report  of  State  Board  of 

Health  of  Ohio,  1907.     Cloth. 
Manchester  Institute  of  Arts  and  Sciences,  Manchester,  N.  H.,  Proceedings, 

1909.    Pam. 
Water  Board,  Lawrence,  Mass.,  Annual  Report,  1907.    Pam. 
Advisory  Board  of  Consulting  Engineers,  N.  Y.,  Report  to  Governor  Relating 

to  work  on  Barge  Canal,  1907-08.    Pam. 
J.  H.  Warder,  Secretary,  Report  of  Naval  Advisory  Board  on  the  Mild  Steel 

used  in  the  "Dolphin,"  "Atlanta,"  "Boston,"  and  "Chicago" 

U.S.  Navy  Dept.     1886.     Cloth. 
American  Sanitary  Engineering,  Philbrick.     Cloth. 
Elements  of  the  Differential  and  Integral  Calculus,  Church. 
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Papers  on  Hydraulic  Cements  and  Concretes,  etc.    Leather. 

Elementary  Treatise  on  Natural  Philosophy.   Deschnel.   Cloth. 

Manual  of  Qualitative  Chemical  Analysis.    Fresenius.    Cloth. 

The  Corporator's  Manual.     Binmore.     Leather. 

Elements  of  Surveying  and  Navigating.     Davies.     Leather. 

Pocketbook  of  Mechanics  and  Engineering.  Nystrom.  Leather. 

Manual  of  the  Mechanics  of  Engineering.     Weisbach.    Cloth. 

Treatise  on  Gems.     Feuchtwanger.     Cloth. 

Manual  of  the  Mechanics  of  Hydraulic  Engineering.     Weis- 
bach.    Cloth. 

Lay  Sermons,  Addresses  and  Reviews.     Huxley.     Cloth. 

Great   Facts :    Remarkable    Inventions   in   the    19th    Century. 
Bakewell.     Cloth.  _ 

Cyclopedia  of  American  Horticulture.   Bailey.   4  vols.    Cloth. 

The  North  American  Sylva.     Michaux  and  Nuttall.     6  vols. 

American  Woods.    Hough.    3  vols.    Cloth. 

Ohio  Geological  Survey,  Zoology  and  Botany.     1882.     Cloth. 

Sec'y  of  War :  Report  for  a  R.  R.  Route  from  the  Mississippi 
River  to  the  Pacific,  1853-78.    13  vols.   Half  leather. 

U.  S.  Geological  Survey :  Survey  of  the  Territories,  1875-79. 
6  vols.    Cloth. 

U.  S.  Engineers'  Exploration  of  the  Great  Basin  of  the  Terri- 
tory of  Utah.    1876.     Cloth. 

Messages  and  Documents,  U.  S.  Geological  Survey.     1882-84. 
2  vols.    Cloth. 

Explorations     and     Surveys     for     Ship-Canal,     Isthmus     of 
Tehuantepec,  U.  S.  Navy  Dept.     1872.    Cloth. 

Study   of  Indian   Languages,   Bureau   of   Ethnology,    Smith- 
sonian Institution.    1880.     Cloth. 

Japan  Expedition  by  Com.  M.  C.   Perry,  U.   S.  Navy  Dept. 
2  vols.     Cloth. 

North  Polar  Expedition,  U.  S.  Navy  Dept.     1876.    Cloth. 

A  Report  on  Irrigation,  U.  S.   Dept.  of  Agriculture.     1893. 
Cloth. 

Ohio  Geological  Survey,  1873,  4,  5,  and  8.    4  vols.    Cloth. 
John  Ericson,  m.w.s.e.  and  Alderman  Foreman,  Chicago. 

Report  on  Chicago  Transportation  Subways.     3  books,  cloth. 
American  Railway  Engineering  and  Maintenance  of  Way  Association. 
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THE  ILLINOIS  COAL  FIELD 
By  A.  Bement,  m.w.s.e. 
Presented  April  7,  1909. 

The  Illinois  Coal  Field  has  produced  650,739,771  tons  of  coal  hav- 
ing a  final  value  of  at  least  $1,626,849,427,  during  which  time,  on  a 
basis  of  57  percent  recovery,  approximately  490,909,029  tons  of  coal 
have  been  wasted. 

Illinois  is  the  second  largest  coal  producing  state  in  the  country, 
having  a  coal  measure  area  according  to  the  author's  maps,  of  ?>7r 
486  square  miles,  or  66.94  percent  of  the  entire  area  of  the  state ; 
also  according  to  best  recent  conclusions,  it  would  appear  that  it 
contains  more  unmined  coal  than  any  other  in  the  country.  Not- 
withstanding the  magnitude  and  value  of  this  great  mineral  product, 
the  people  in  general  know  less  concerning  their  coal  deposits  than 
those  of  almost  any  other  state.  There  are  two  reasons  for  this, 
or  more  strictly  speaking,  a  combination  of  two  reasons : — 

First,  that  previous  geological  survey  undertaken  many  years  ago, 
was  more  particularly  directed  to  palaeontology  than  to  geology, 
especially  economic  geology. 

Second,  that  outcrops  of  rock  formation  are  rare,  owing  to  the 
greater  part  of  the  coal  measures  being  covered  by  a  thick  mantle 
of  drift. 

Thus  we  have  before  us  the  unique  fact  that  the  professional 
geologist  has  contributed  but  little  to  the  considerable  knowledge 
which  we  possess  of  our  Illinois  coal  resources.  The  practical  busi- 
ness man,  however,  has  proceeded  with  exploration  and  develop- 
ment, so  that  notwithstanding  the  absence  of  geological  guidance  he 
has  exploited  Illinois  coal  fields  on  a  very  large  scale.  Thus  to  the 
engineer  rather  than  to  the  geologist  are  we  indebted  for  our  present 
knowledge,  but  the  time  has  now  arrived  when  the  services  of  the 
best  talent  available  is  demanded. 

Mining  in  Illinois  has  been  a  very  simple  proposition.  Wasteful 
extravagance  and  crude  methods  have  prevailed,  but  the  general 
awakening  of  the  people  of  the  whole  country  to  the  necessity  for 
the  conservation  of  natural  resources,  and  to  the  fact  that  Illinois 
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mining  is  advancing  into  territory  of  thick  seams  which  lie  at  con- 
siderable depth  and  produce  a  dangerous  amount  of  gas,  present 
many  new  problems  of  an  engineering  as  well  as  of  a  commercial 
nature. 

From  the  standpoint  of  future  posterity,  it  is  probably  fair  to  say 
that  one  of  the  misfortunes  of  the  Illinois  coal  field  was  the  great 
abundance  of  cheap  coal  available  in  the  past,  as  this  led  to  ex- 
travagance and  wasteful  mining  methods. 

While  Illinois  contains  a  very  large  amount  of  coal,  it  is  not  all 
available  for  mining  under  present  conditions,  and  as  a  matter  of 
fact,  the  thinner  and  deeper  coal  will  always  be  at  a  disadvantage  as 
long  as  it  may  meet  competition  with  more  cheaply  mined  coal  from 
this  or  other  fields.  This  is  a  fact  that  is  usually  not  understood  in 
its  full  significance.  Really  the  question  is  not  how  much  reserve 
coal  have  we,  but  how  much  is  there  that  may  be  mined  to  advantage 
in  competition  with  other  fields.  When  the  problem  is  considered 
from  this  standpoint,  it  presents  itself  in  a  strange  and  startling 
light.  For  example,  some  three  or  four  years  ago  in  reporting  on 
a  large  coal  proposition  for  Illinois,  the  author  stated  that  the  area 
of  coal  available  to  purchase  adaptable  for  competition  under  the 
then  prevailing  conditions,  was  but  one-half  of  one  percent  of  the. 
entire  field.  Such  territory  would  yield  under  present  methors  of 
mining,  a  recovery  of  approximately  as  much  coal  as  has  been 
already  produced,  equal  to  only  about  ten  years'  production  at  the 
present  rate  of  consumption.  In  this  same  line,  Dr.  I.  C.  White  has 
recently  directed  attention  to  the  early  exhaustion  of  the  Pittsburg 
coal  seam,  and  shown  what  it  will  mean  to  the  industrial  localities 
depending  upon  this  great  seam  for  their  fuel  supply. 

Thus  far  Illinois  has  not  suffered  to  the  extent  that  other  states 
have  from  large  mine  casualties,  because  there  is  only  a  compara- 
tively small  amount  of  gas  generated,  although  operation  of  the 
deep  mines  in  the  No.  7  seam  in  Franklin  County  has  been  attended 
thus  far  with  very  disastrous  results,  notwithstanding  that  only  three 
mines  have  reached  a  fair  stage  of  development.  The  reason  therefor 
is,  that  a  larger  quantity  of  gas  is  given  off  in  these  mines,  which 
together  with  the  reckless  disregard  of  safety  that  prevails,  changes 
what  would  otherwise  be  a  good  safe  field  to  a  very  dangerous  one, 
giving  promise  that  if  present  disregard  for  safety  continues,  that  it 
will  distinguish  itsellF  by  such  appalling  disasters  as  have  occurred 
recently  in  Pennsylvania  and  West  Virginia.  The  chief  cause  of 
such  accidents  is  the  excessive  use  of  powder,  which  is  on  the  in- 
crease and  threatens  to  become  still  more  serious  unless  proper  re- 
strictive measures  are  enforced.  Fig.  1  illustrates  the  increasing 
ust  of  powder  per  ton  of  coal  produced. 

Maps  Nos.  1  and  2,  showing  areas  of  principal  coal  seams  and 
thickness  of  seams,  while,  of  course,  subject  to  revision,  possess 
some  considerable  degree  of  accuracy  and  real  value.  When  our 
new  State  Geological  Survey  has  proceeded  further  with  th£  work 
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laid  out  by  Dr.  Bain,  it  will  be  possible  to  make  still  better  maps 
from  data  that  will  then  be  available. 

Only  two  divisions  have  thus  far  been  definitely  recognized  in  the 
Illinois  coal  measures,  called  upper  and  lower,  also  barren  and  pro- 
ductive, and  it  was  reported  by  the  first  State  Survey  under  the 
direction  of  Dr.  Worthen,  that  there  are  sixteen  coal  seams  present 
in  these  measures.  It  is  probable,  however,  that  the  number  is 
considerably  more.  All  of  the  seams  of  importance  are  in  the  lower 
measures.  This  numerical  classification  was  established  years  ago, 
and  it  has  been  almost  universally  used,  although  in  reality  they  have 
no  greater  significance  than  that  of  local  names,  but  in  the  absence 
of  other  designations,  these  numbers  are  employed  in  this  paper, 
which  does  not  attempt  to  present  anything  new  of  a  geological  na- 
ture, the  author's  object  being  to  put  together  such  data  as  available 
for  present  use,  hoping  that  the  near  future  will  present  more  com- 
plete and  accurate  version. 

The  important  producing  seams  are  designated  as  Nos.  I,  2,  5, 
6  and  7.  What  is  known  as  seam  No.  5  is  operated  extensively  in 
three  different  localities  in  the  following  counties : —  Fulton  and 
Peoria ;  Sangamon,  Menard  and  Logan ;  and  Saline ;  yet  there  is  no 
assurance  that  these  beds  are  the  same  seam,  as  it  cannot  be  directly 
traced,  the  localities  being  separated  from  each  other.  The  No.  6 
seam,  however,  in  the  western  part  of  the  state  is  so  persistent  and 
uniform  in  thickness  from  the  lower  part  of  Sangamon,  that  it  may 
be  readily  traced  as  far  south  as  Perry  County  without  there  being 
any  doubt  of  its  identity.  Recently,  however,  a  question  has  arisen 
whether  or  not  the  seam  operated  in  Williamson,  Franklin  and  the 
eastern  part  of  Perry  and  Jackson  counties,  known  as  No.  7,  is  the 
same  bed  as  No.  6,  and  it  is  the  conclusion  of  Dr.  Bain,  State  Geolo- 
gist, and  Mr.  Frank  W.  DeWolf,  Assistant  Geologist,  that  it  is  the 
same  seam  as  No.  6,  that  an  abrupt  anticline  with  its  axis  north  and 
south  at  the  town  of  Duquoin,  has  in  the  past  caused  people  to  con- 
clude that  there  were  two  different  seams.  Inasmuch,  however,  as 
to  the  present  time  the  operations  in  Perry  County  to  the  east  of 
Duquoin,  and  in  the  eastern  part  of  Jackson  as  well  as  Williamson 
and  Franklin  counties  have  been  considered  as  being  in  seam  No.  7, 
and  as  this  is  the  version  of  the  matter  which  has  been  accepted, 
this  paper  assumes  this  coal  body  to  be  No.  7,  although  Table  No.  1 
shows  the  output  individually,  also  in  conjunction  with  that  of  No. 
6  seam,  and  in  the  map  showing  areas,  this  coal  bed  in  these  four 
counties  may  be  considered  as  No.  6  instead  of  7,  thus  either 
version  may  be  employed. 

Map  No.  1  shows  areas  of  principal  coal  seams.  The  presenta- 
tion of  areas  of  this  character  in  any  other  state  but  Illinois  would  be 
very  difficult.  Here,  however,  owing  to  the  persistence,  uniformity 
in  thickness  and  reliability  of  the  various  seams,  it  is  possible  to  indi- 
cate their  presence  with  far  greater  accuracy  than  would  usually  be 
considered  possible.     The  data  which  has  been  employed  is  from  the 
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State  Mine  Inspection  records,  various  mining  operations  and  pros- 
pect borings,  supplemented  by  the  author's  experience  and  observa- 
tion in  the  field.  The  statement  as  to  uniformity  and  persistence 
of  seams,  applies  particularly  to  the  western  portion  of  the  state, 
so  that  in  prospecting,  the  problem  is  not  so  much  to  discover  a 
desirable  bed,  as  to  prove  the  presence  and  condition  of  the  prevail- 
ing bed  of  the  district.  For  example,  the  author  in  the  case  of  a 
continuous  field  of  65,000  acres,  had  sufficient  confidence  in  the  terri- 
tory to  report  the  undoubted  presence  of  the  seam  at  desirable 
thickness  and  condition,  which  was  afterwards  verified  by  borings, 
proving  the  accuracy  of  previous  opinion. 

TABLE  NO.  1. 

Output  of  Principal  Coal  Seams  for  1907. 

Including  No.  7  in 

Williamson  and 

Total  Output       Franklin    County 

Detailed  Output.  of  Seams.  Field  with  No.  6. 

Seam  No.  Tons      Percent.        Tons.     Percent.        Tons.  Percent. 

667,601         1.36          667,601  1.36  667,601  1.36 

6,293,740       13.10       6,293,740  13.10  6,293,740  13.10 

11,688        0.24           11,688  0.24  11,688  0.24 

11,405,436  23.73  11,405,436  23.73 


Saline 1,711,825        3.56 

Sangamon,    Lo- 
gan,  Menard.     6,141,040       12.77 
Fulton,   Peoria.     3,234,725        6.74 
Miscellaneous..        317,846        0.66 

20,899,473      43.64    20,899,473      43.64 

Including   Will- 
iamson    and 

Franklin   28,365,718       59.18 

7-       ••;.. 8,509,354       17.70 

7.     Williamson    and 

Franklin    ....     7,466.245       15.54 
7.      Miscellaneous..     1,043,109        2.16  1,043,109        2.16 

14 11,329        023  11,329        0.23  11,329        0-23 


Total    47,798,621     100.00    47,798,621     100.00    47,798,621     100.00 

Another  characteristic  is  that  in  a  general  field  there  is  usually 
but  a  single  seam  that  may  be  profitably  worked  at  present.  The 
eastern  edge  of  the  basin  which  is  largely  in  Indiana  and  partially 
in  Illinois,  is  quite  different.  The  seams  therein  can  usually  be  de- 
pended upon  as  being  irregular,  and  in  this  respect  differing  with 
the  western  edge  of  the  basin.  Saline  County  is  far  enough  east  to 
be  included  in  the  irregular  territory,  but  extensive  prospect  borings 
in  the  locality  have  defined  the  presence  of  the  seam  with  great  accu- 
racy, and  the  same  applies  in  a  measure  to  the  locality  in  Crawford 
County,  while  mining  operations  and  extensive  prospecting  in  Ver- 
milion County  has  quite  fully  defined  the  thicker  part  of  the  field. 

As  a  matter  of  fact  the  great  uniformity  in  thickness  and  persis- 
tency of  a  seam  in  the  locality  in  which  it  is  known  to  be  present 
are  such,  that  in  former  years  many  shafts  were  sunk  from  200  to 
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700  feet  without  previous  prospecting,  and  the  principal  cause  of 
failure,  (but  a  small  percentage)  consisted  in  getting  outside  the 
limits  of  the  bed.  For  illustration,  a  number  of  shafts  720  feet 
deep  at  Pana  in  Christian  County  reached  the  No.  6  seam  8  feet  in 
thickness.  Following  this  lead  in  an  effort  to  reach  the  "Pana" 
seam,  a  shaft  was  sunk  about  13  miles  north  at  the  town  of  Assump- 
tion. It,  however,  probably  penetrated  a  preglacial  valley  in  which 
the  seam  was  absent.  Sinking,  however,  was  continued  to  a  depth 
of  1,008  feet,  when  two  seams  were  encountered,  which  are  usually 
regarded  as  being  Nos.  1  and  2,  or  as  the  operator  of  the  mine  con- 
siders, an  upper  and  lower  split  of  seam  No.  2.  In  this  general 
locality  there  were  some  two  or  three  other  failures,  due  to  getting 
beyond  the  boundary  of  the  bed  into  this  same  valley  which  is  de- 
fined on  Map  No.  1  as  extending  from  Madison,  across  Montgomery 
and  Christian  Counties,  and  indicated  as  being  underlain  with  seams 
Nos.  1  and  2. 

The  Illinois  coal  measures  have  been  reported  as  having  a  thick- 
ness of  1200  feet  in  the  southern  part  of  the  state.  This  however, 
is  probably  underestimated,  as  the  depth  is  no  doubt,  200  or  300  feet 
greater,  as  the  measures  are  much  thicker  in  the  south.  For  exam- 
ple, Seam  No.  5  of  Southern  Illinois  and  No.  9  of  Western  Ken- 
tucky are  considered  as  identical,  and  there  is  no  assurance  but 
what  No.  "9"  should  bear  a  higher  number.  To  the  north,  George 
H.  Ashley  estimates  the  thickness  at  800  feet ;  600,  however,  may  be 
more  nearly  correct. 

The  horizon  of  seam  No.  2  has  been  identified  by  Dr.  David  White 
from  the  northern  to  the  southern  end  of  the  state  along  the  western 
outcrop ;  the  coal  bodies  below  it,  however,  are  but  little  understood 
Several  seams  present  in  the  southern  part  are  absent  in  the  north. 
In  the  territory  attributed  on  Map  No.  1  to  seams  Nos.  1  and  2,  it  is 
probable  that  the  two  horizons  lie  close  together.  For  illustration 
the  mine  at  Assumption  in  Christian  County,  penetrates  two  seams 
lying  at  about  2  feet  to  20  feet  apart,  so  that  both  are  operated  from 
the  same  bottom.  At  the  town  of  Lovington  in  Moultrie  County,  in 
a  boring  886  feet  deep,  penetrating  a  body  of  coal  8.4  in.  in  thick- 
ness, the  appearance  of  the  core  suggests  the  probability  of  one  coal 
body  being  present  above  the  other  with  no  intervening  rock  forma- 
tion. This  boring  passed  through  eleven  seams  in  a  depth  of  856 
feet.  Below  this  and  above  the  thick  coal,  there  were  two  other 
seams  3.3  in.  and  3.4  in.  in  thickness,  and  at  the  town  of  Mattoon 
in  Coles  County,  a  mine  long  since  abandoned,  formerly  operated 
what  was  considered  seam  No.  2  which  had  a  thickness  of  3  ft.  5 
in.  at  a  depth  of  904  feet.  These  examples,  together  with  borings 
for  wells  and  other  prospect  holes,  appear  to  indicate  that  in  the 
center  of  the  basin  in  the  territory  shown  on  Map  No.  1  as  being 
underlain  by  seams  Nos.  1  and  2,  and  on  Map  No.  2  indicated  as  be- 
ing underlain  by  unknown  coal,  such  important  coal  bodies  as  present 
are  at  a  considerable  depth,  and  probably  of  irregular  extent  and 
thickness,  thus  the  thicker  beds  are  in  the  lower  measures. 
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Faults  and  other  disturbances  are  not  numerous  and  have  had 
practically  no  effect  on  mining  operations,  although  some  pro- 
nounced displacements  of  strata  are  recognized,  the  most  important 
one  an  anticlinal  fold  extending  in  a  southerly  direction,  enters  the 
coal  measure  formation  east  of  the  city  of  LaSalle  in  the  county  of 
that  name,  where  the  St.  Peter's  sandstone  is  brought  to  the  surface, 
as  may  be  observed  at  Starved  Rock  and  Deer  Park  Canon.  This 
disturbance  appears  to  extend  through  the  counties  of  Champaign, 
Douglas,  Coles,  Clark,  Crawford  and  Lawrence  as  indicated  on  maps 
Nos.  I  and  2.  This  is  the  line  along  which  the  producing  oil  fields 
are  located,  and  for  purpose  of  illustration,  the  coal  measure  forma- 
tion is  shown  as  being  absent  by  a  long  gap  to  the  north,  and  in  the 
southern  counties  by  small  patches  co-incident  with  the  oil  fields. 
There  is  a  large  fault  extending  on  an  east  and  west  line  through 
Gallatin  and  lower  Saline  counties,  described  by  Frank  W.  DeWolf 
in  Bulletin  No.  316  of  the  United  States  Geological  Survey.  Its 
location,  however,  is  south  of  the  thick  coal  bed,  although  there  are 
accompanying  displacements  of  small;  magnitude  further  north, 
which  do  affect  the  bed  to  a  moderate  extent.  An  anticlinal  fold 
tending  north  and  south  at  Duquoin  in  Perry  County  has  thrown  out 
the  coal  seam  at  that  point.  In  the  mine  at  Assumption  in  Christian 
County  and  in  Williamson  County,  the  author  has  observed  many 
small  faults  from  a  fraction  of  to  a  few  inches  displacement,  the  most 
seriously  disturbed  condition  so  far  as  known  to  affect  a  coal  seam, 
is  probably  in  Fulton  and  Peoria  counties  as  described  by  J.  A.  Ud- 
den,  page  255,  Bulletin  No.  8,  State  Geological  Survey. 

With  the  exception  of  the  Northern  and  Wilmington  fields,  the 
deep  mine  at  Assumption  and  one  at  Bloomington,  all  mining  is  by 
.pillar  and  room  method,  and  these  operations  produce  84.94  per- 
cent of  the  output.  The  other  15.04  percent  is  furnished  by  the  long 
wall  operations  of  the  Northern  and  Wilmington  fields,  in  which  it 
has  been  considered  that  a  recovery  of  95  percent  of  the  coal  is 
effected.  Mining  methods  in  all  but  these  two  latter  fields  under 
present  conditions  are  necessarily  very  wasteful,  as  pillars  are  seldom 
or  ever  drawn,  it  being  cheaper  to  open  new  territory  than  to  get  an 
equal  tonnage  from  pillar  coal. 

The  small  country  mines  are  very  largely  drifts  at  the  hillside  into 
the  outcropping  of  the  seam.  With  one  or  two  exceptions,  however, 
all  of  the  shipping  mines  in  Illinois  are  operated  by  shaft.  In  the 
early  history  of  mining  there  were  a  considerable  number  of  slopes 
in  the  outcrop,  especially  in  Grundy,  Peoria,  Fulton  and  St.  Clair 
counties,  but  development  has  advanced  away  from  the  outcropping, 
so  that  shafts  are  necessary,  and  Illinois  may  be  considered  a  locality 
of  deep  mining,  as  shafts  range  from  less  than  100  to  1,000  feet  in 
depth. 

The  depth  of  No.  2  seam  in  the  Wilmington  Field  where  now 
operated,  is  from  90  to  196  feet. 

In  the  Northern  Field,  shafts  are  from  300  to  465  feet. 

In  Jackson  County  about  150  feet. 
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In  Seam  No.  5  in  Fulton  and  Peoria  counties,  from  75  to  195 
feet. 

In  the  Springfield  District  from  75  to  250  feet. 

In  Saline  County  from  40  to  340  feet. 

In  Seam  No.  6  the  depth  varies  from  50  to  885  feet. 

In  Seam  No.  7  from  30  to  630  feet. 

Table  No.  2  shows  the  distribution  of  output  according-  to  thick- 
ness of  seam : — 

TABLE  No.  2. 

Tons  1908.     Percentage. 

Thin  coal,  under  4  feet 6,829,161  13.86 

Medium  coal,  4  to  6  feet 5,567,787  n.30 

Thick  coal,  6  to  8  feet 31,514,662  63.96 

Very  thick  coal,  over  8  feet 5,360,842  10.88 


49,272,452         ioo.oc 

There  are  411  mines  which  ship  their  coal  by  rail,  of  which  47  are 
operated  long  wall  and  364  by  the  pillar  and  room  method,  giving 
an  average  annual  output  per  mine  of  148,795  tons  for  the  former 
and  108,361  for  the  latter,  with  about  700,000  tons  from  one  shaft 
as  a  maximum  annual  output,  which  has  been  obtained  by  a  pillar 
and  room  mine.  In  addition  there  are  522  small  local  mines,  making 
a  total  of  933. 

The  following  estimates  have  been  made  of  the  original  quantity 
of  coal  before  mining  began  ; 

Authority.  Tons. 

F.  W.  DeWolf,  Assistant  State  Geologist 136,960,000,00a 

M.  R.  Campbell,  U.  S.  Geological  Survey 240,000,000,000 

The  author   201,399,808,000 

The  figure  proposed  by  the  author  was  arrived  at  by  measuring 
the  areas  on  a  map  of  a  scale  of  one-half  inch  to  the  mile,  and 
taking  the  known  or  estimated  thickness  of  the  seam  which  gives 
the  quantity  in  Tables  Nos.  3  and  4. 

TABLE  No.  3. 

KNOWN  COAL  AREAS   OF  ILLINOIS. 

Coal  Coal  Square  Thickness 

Areas.  Beds.  Miles.  in  feet.  Tons. 

i              Very  thick  674  9.0  6,211,584,000 

2  Thick  3,883  7.0  27,833,344.000 

3  Medium  12,546  4.0  51,388,416,00c 

4  Thin  10,184  3°  31,285,248.000 
Unknown  10,199  1.5  15,665,664,000 

Total 37,486  132.384,256,000 
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The  various  areas  arbitrarily  designated  as  Nos.  I  to  4,  inclusive, 
are  also  underlain  by  other  coal  beds,  and  Table  No.  4  is  based  on  an 
assumption  that  these  areas  also  contain  quantities  attributed  to  them. 

TABLE  No.  4. 

ESTIMATED  ADDITIONAL  QUANTITY  OF  COAL. 

Estimated  Thickness 
Coal  Areas.  Square  Miles.  in  feet.  Tons. 

i  674  6  4,141,056,000 

2  3,883  4  15,904,768,000 

3  I2>546  3  38,541,312,000 

4  10,184  1  10,428,416,000 


Total 27,287  69,015,552,000 

The  total  number  of  tons  contained  in  the  above  two  tables,  is  201,- 
399,808,000. 

Calculation  shows  that  about  one-half  of  one  percent  of  the 
amount  of  coal  in  Illinois  has  been  exhausted,  and  such  figure  as 
this  is  liable  to  cause  one  to  feel  that  the  supply  will  last  a  very 
long  while.  In  the  past  people  have  been  led  to  believe  that  our 
coal  would  last  almost  "forever,"  which  gave  rise  to  such  expres- 
sions as  "inexhaustible  supply,"  "fuel  reserve  to  last  for  untold 
ages,"  etc.  In  this  connection  Dr.  I.  C.  White  has  recently  shown, 
that  when  the  Pittsburg  coal  seam  is  exhausted,  certain  to  occur 
in  not  much  to  exceed  fifty  years  with  present  mining  methods,  the 
industries  dependent  thereupon  will  suffer  seriously,  and  it  seems 
reasonable  to  conclude  that  such  an  outcome  in  itself  would  be  suffi- 
cient to  rob  these  localities  of  the  industrial  supremacy  they  now 
enjoy.  In  Illinois  the  25  percent  of  coal  produced  from  the  thin  and 
medium  thick  seams  is  shipped  away,  and  the  state  is  practically  de- 
pendent for  its  fuel  supply  upon  the  product  from  thick  seams  which 
contained  originally  about  34,000,000,000  tons,  of  which  930,557,- 
872  have  been  exhausted ;  thus  the  fuel  supply  suitable  for  use  under 
present  economic  conditions  is  only  16  percent  of  the  original, 
for  while  the  coal  remaining  is  about  99.5  percent,  the  really  desir- 
able portion  is,  as  above  stated,  but  16  percent. 

Fig.  2  illustrates  graphically  the  competition  between  the  thin 
and  thick  coal  beds  of  the  state.  After  28  years  the  leading  thin 
and  medium  thick  coal  areas  in  the  northern  part  of  the  state  al- 
though nearest  markets,  have  an  output  of  approximately  1,500,- 
000  tons  per  annum,  while  in  the  same  period  of  time,  with  no  better 
start  Williamson  County  has  arisen  to  nearly  5,250,000  tons  per  an- 
num, and  the  average  of  four  of  the  leading  counties  in  the  central 
part  of  the  state  operating  in  seam  No.  6,  has  increased  to  an  out- 
put of  nearly  4,500,000  tons,  and  Saline  County  has  gone  from  350,- 
000  to  2,500,000  tons  in  three  years. 

Table  No.  1  shows  the  coal  production  for  the  state  in  both  tons 
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Fig.  2. 

Rate  of  Development  between  Thick  and  Thin  Coal  Localities. 
Williamson  County — 9  ft.  Seam. 
Average  of  Sangamon,  St.  Clair,  Macoupin  and  Madison  Counties— 

j.$  ft.  Seam. 
Saline  County — 6  ft.  Seam. 

Average  of  Bureau  and  Grundy  Counties — 3.25  ft.  Seam. 
Average  of  Peoria  and  Fulton  Counties— 4  ft.  Seam. 
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and  percentages  from  the  different  seams,  for  the  year  1907.  As 
indicated,  there  is  a  distinction  made  for  different  fields,  in  which 
seam  No.  5  is  credited  with  furnishing  the  output.  Likewise  with 
No.  7  a  separation  is  also  made.  Thus  the  first  column  presents 
figures  of  this  detailed  classification,  the  second,  the  totals  produced 
for  each  seam.  As  before  mentioned,  in  recent  reports  of  the  State 
Geological  Survey,  it  is  considered  that  the  field  in  Williamson, 
Franklin,  Eastern  Perry  and  Jackson  counties  operates  seam  No. 
6  instead  of  No.  7  as  formerly  believed.  Upon  this  basis  the  out- 
put from  the  Williamson  and  Franklin  county  field  as  shown  on  the 
maps,  has  been  included  with  the  output  from  the  No.  6  seam  indi- 
cated by  the  third  classification,  which  credits  seam  No.  6  with  a  pro- 
duction of  upwards  of  28,000,000  tons  for  the  year  1907,  or  59.18 
percent  of  the  whole  output  of  the  state. 

The  center  of  coal  production  in  Illinois  has  steadily  moved  from 
north  to  south.  Continuous  detailed  records  of  Illinois  coal  pro- 
duction only  began  in  1881,  therefore  it  was  impossible  to  extend  the 
tables  presented  herewith  prior  to  that  time.  Early  records  of  coal 
mining,  according  to  the  Coal  Report  of  1902  are  very  meager. 
The  first  mention  apparently  of  coal  shipment  was  from  Jackson 
County  in  1810;  again  in  1832  several  boat  loads  were  sent  south 
via  the  Mississippi  River;  in  1833  about  6000  tons  were  reported  as 
having  been  mined  in  St.  Clair  County  and  hauled  by  wagon  to  St. 
Louis.  The  United  States  census  in  1840  states  that  16,968  tons 
were  produced  in  that  year;  that  of  i860  gives  a  production  of 
568,000  tons.  The  next  record  is  that  of  the  census  of  1870,  where- 
in the  output  is  stated  to  be  2,624,163  tons.  The  first  state  report, 
in  1 881,  places  it  at  2,937,776  tons.  In  arriving  at  the  total  coal 
production  given  in  this  paper,  a  curve  was  plotted  from  the  data 
available  prior  to  1870,  from  which  the  output  for  this  period  was 
determined.  Between  1870  and  1880  the  production  has  been  con- 
sidered as  an  annual  average  of  that  of  1870  and  1880.  From  1881 
to  1908,  figures  are  from  the  Coal  Report  for  each  year.  Fig.  3 
shows  graphically  the  increase  in  production  for  the  last  28  years. 

The  center  of  output  in  the  state  has  gradually  advanced  from 
north  to  south  as  shown  in  Table  No.  5.  In  the  year  1881,  LaSalle 
County  led  in  output  with  624,900  tons ;  in  the  next  year  it  still  held 
place  with  over  2,000,000,  after  which  the  center  of  production 
moved  south  until  the  county  leading  in  1907  and  1908  is  at  the  ex- 
treme southern  end  of  the  state.  During  the  period  of  28  years, 
Macoupin  County  has  led  in  production  8  times,  Sangamon  7,  St. 
Clair  6,  LaSalle  3,  Vermilion  2  and  Williamson  2,  and  is  still  being 
held  by  Williamson.  Thus  the  center  of  production  has  steadily 
diverged  from  principal  markets  because  of  advantages  of  thick 
coal.  LaSalle  County  now  ranges  as  a  producer  from  a  thin  seam, 
but  in  earlier  years  a  comparatively  small  body  of  very  thick  coal 
was  extensively  operated  at  the  town  of  Streator,  and  it  was  this 
which  gave  LaSalle  its  lead. 
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Fig.  3. 
Diagram  showing  Coal  Production  in  Illinois  from  1881  to  1908. 
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TABLE  NO.  5. 
Counties  Leading  in  Production  from   1881  to 


Chronological  Arrangement 

Year.  Couuty.  Tonnage. 

1881  LaSalle  624,900 

1882  LaSalle   2,365,000 

1883  Macoupin   1,233,200 

1884  Macoupin  1,164,409 

1885  St.    Clair    1,202,549 

1886  Macoupin  1,085,539 

[8S7  LaSalle   1,125,235 

1888  St.    Clair    1,184,579 

1889  Macoupin   1,202,187 

1890  Macoupin  1,369,919 

1891  St.  Clair 1,595,839 

1892  Macoupin  1,823,136 

1893  St.  Clair 2,133,870 

1894  St.  Clair  1,623,684 

1895  Macoupin   1,948,992 

1896  Macoupin  2,097,539 

1897  Vermilion     2,000,623 

1898  Sangamon    1,763,863 

1899  Vermilion    2,221,867 

1900  Sangamon    2,519,911 

1901  Sangamon    2,919,223 

1902  Sangamon    3,672,987 

1903  Sangamon    4,386,526 

1904  Sangamon    4,5i6,358 

1905  Sangamon    4,395,050 

1906  St.  Clair 4,168,019 

1907  Williamson    ..........  5,266,452 

1908  Williamson    5,367,140 


Arranged  Accordin 
County. 

Williamson    

Williamson    

Sangamon    

Sangamon    

Sangamon    

St.  Clair 

Sangamon    

Sangamon    

Sangamon    

LaSalle   

Vermilion    

St.  Clair 

Macoupin     

Vermilion    

Macoupin   

Macoupin  

Sangamon    

St.  Clair 

St.  Clair 

Macoupin   

Macoupin   

St.  Clair 

Macoupin   

St.  Clair 

Macoupin  

LaSalle  

Macoupin  

LaSalle  


1909. 

g  to  Tonnage. 
Year.  Tonnage 

5,367,140 
5,266,452 
4,516,358 
4,395,050 
4,386,526 
4,168,019 
3,672,987 
2,919,223 

2,5I9,9H 
2,365,000 
2,221,867 
2,133,870 

2,097,539 

2,000,623 

,948,992 


1908 
1907 
1904 

1905 
1903 
1906 
1902 
1901 
1900 
1882 
1899 
1893 
1896 
1897 
1895 
1892 
1898 

1894 
1891 
1890 
1883 
1885 
1889 
1888 
1884 
1887 
1886 
1881 


,823,136 
,763,863 
,623,684 

,595,839 
,369,919 
,233,200 
,202,549 
,202,187 

,184,579 
,164,409 

,125,235 
,085,539 
624,900 


Table  No.  6  gives  the  output  for  each  county  from  1881  to  1907, 
inclusive,  from  which  it  appears  that  Sangamon  County  has  pro- 
duced over  52,000,000  tons,  St.  Clair  being  second,  Macoupin  third 
and  LaSalle  fourth  in  the  list,  illustrating  again  in  a  striking  manner 
the  advantage  of  thick  coal  seams,  even  Williamson  County  which  is 
a  new  field  and  producing  on  a  large  scale  only  a  few  years,  occu- 
pying seventh  place. 

TABLE  NO.  6. 
Coal  Production  of  Illinois  Counties  from  1881  to  1907,  Inclusive. 


Arranged  According  to  Counties. 

Counties.  Tons. 

Bond    2,299,973 

Brown    20,226 

Bureau    25,011,119 

Calhoun    81,455 

Cass    143,112 

Christian    14,635,823 

Clinton    9,778,275 

Coles   144,932 

Edgar    65,103 

Effingham     796 

Franklin   1,392,643 

Fulton     17,900,619 

June,  1909 


Arranged  in  Order  of  Tonnage. 
Counties.  Tons. 

Sangamon    52,754,789 

St.   Clair    50,994,386 

Macoupin     46,431,324 

LaSalle   38,493,63° 

Vermilion    37,725,601 

Madison   34,303,262 

Williamson    29,881,544 

Grundy   27,122,051 

Bureau    25,011,119 

Fulton  17,900,619 

Perry    17,880,094 

Jackson 17,491,385 
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TABLE  NO.  6.— Continued. 


Arranged  According  to  Counties. 

Counties.  Tons. 

Gallatin    972,7i8 

Greene    305,193 

Grundy   27,122,051 

Hamilton    21,891 

Hancock    177,358 

Hardin    64 

Henry  3,855,786 

Jackson    17,491,385 

Jasper     20,078 

Jefferson    379,3H 

Jersey    71,820 

Johnson    124,497 

Kankakee     1,863,342 

Knox     1,449,022 

LaSalle  38,493,630 

Livingston   7,728,428 

Logan   5,6i5,326 

Macon   4,645,487 

Macoupin  46,431,324 

Madison   34,303,262 

Marion   13,584,554 

Marshall     601,971 

Menard  7,919,430 

McDonough    2,114,159 

McLean    4,292,257 

Mercer    9,516,711 

Montgomery   5,337,836 

Morgan  131,260 

Peoria  16,741,393 

Perry   17,880,094 

Pike    135 

Putnam    446,678 

Randolph  7,756,345 

Rock  Island   3,208,241 

Saline   5,53i,78o 

Sangamon   52,754,789 

Schuyler   387,551 

Scott   511,887 

Shelby    1,449,306 

Stark   646,626 

St.  Clair 50,994,386 

Tazewell   3,472,247 

Vermilion    37,725,601 

Wabash    13,712 

Warren    415,490 

Washington    1,223,775 

White    14,828 

Will   5,713,735 

Williamson    29,881,544 

Woodford    3.743,886 


Arranged  in  Order  of  Tonnage. 

Counties.  Tons. 

Peoria  16,741,393 

Christian    14,635,823 

Marion   13,584,554 

Clinton   9,778,275 

Mercer    9,516,71 1 

Menard  7,919,430 

Randolph   . 7,756,345 

Livingston   7,728,428 

Will    5,713735 

Logan   5,615.326 

Saline   5>53 1,780 

Montgomery   5,337,836 

Macon  4,645,487 

McLean    4,292,257 

Henry  3,855,786 

Woodford 3,743,886 

Tazewell    3,472,247 

Rock  Island   3,208,241 

Bond   2,299,973 

McDonough    2,114,159 

Kankakee     1,863,342 

Shelby  1,449,306 

Knox   1,449,022 

Franklin  1,392,643 

Washington     1,223,775 

Gallatin    972,718 

Stark  646,626 

Marshall    601,971 

Scott   511.887 

Putnam 446,678 

Warren 415.490 

Schuyler 387.551 

Jefferson    379,31 1 

Greene    305,193 

Hancock    177.358 

Coles  144,932 

Cass    143,112 

Morgan    131,260 

Johnson    124,497 

Calhoun    81,455 

Jersey   71,820 

Edgar    65,103 

Hamilton 21.891 

Brown    20,226 

Jasper   20,078 

White    14,828 

Wabash    13,712 

Effingham    796 

Pike 135 

Hardin    64 


Table  No.  7  shows  the  production  in  tons  for  all  counties  in  the 
year  1907,  giving  the  number  of  mines  in  each  county  and  the  aver- 
age output  per  mine  for  the  county.  The  majority  of  these  mines 
are  very  small,  producing  for  local  trade  only.     For  example,  Mc- 
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Donough  County  with  54  mines  has  an  average  of  only  859  tons 
per  mine  while  Macoupin  has  an  average  of  156,555  tons  in  which 
two  mines  are  included  which  have  an  output  of  about  700,000  tons 
per  annum. 

Compared  with  other  coal  fields  of  this  country,  the  quality  of 
Illinois  coal  occupies  an  intermediate  position.  Table  No.  8  gives  the 
chemical  composition  of  the  various  important  seams  and  localities 
where  extensively  worked.  This  table  presents  the  coal  seams  as 
they  lie  in  the  ground  and  possesses  a  considerable  degree  of  ac- 
curacy, although,  of  course,  more  detailed  study  will  furnish  better 
values.  The  author  is  indebted  to  Dr.  H.  Foster  Bain,  Director  of 
the  Illinois  Geological  Survey  for  some  data  concerning  Seam  No.  2 
in  the  Wilmington  and  Northern  Fields,  and  Seam  No.  5  in  the 
Peoria  and  Fulton  County  Field. 

As  a  general  proposition  in  Illinois,  the  quality  of  coal  seams  in- 
crease with  depth,  the  lower  ones  being  superior  to  the  upper.  There 
is  also  an  increase  in  quality  from  the  north  to  the  south,  the  beds 
in  the  southern  part  of  the  state  being  superior,  as  a  general  proposi- 
tion, to  those  in  the  north ;  this  is  more  particularly  true  of  the 
heating  power  content.  A  higher  grade  of  fuel  is  produced  in 
Illinois  than  probably  realized  by  the  general  public.  For  example 
carefully  prepared  lump  coal  from  Saline  County  compared  with 
equally  well  prepared  Hocking  Valley  coal  of  Ohio  is  presented  in 
the  following  tabulation  : — 

Hocking  Valley,     Saline  County, 

Ohio,  Illinois, 

Prepared  Coal.         Lump  Coal. 

Moisture    7.28  6.75 

Ash  in  dry  coal 6.40  6.07 

Heating  power  per  pound  in  B.  t.  u. 

of  the  pure  coal I4J34I  J  5*094 

Heating  power  per  pound  in  B.  t.  u. 

of  the  moist  coal 12,365  13,181 

Relative    value 0.95  1.00 

The  writer  at  one  time  had  a  sample  of  coal  submitted  to  him  that 
was  reported  to  have  come  from  a  thin  seam  in  Johnson  County, 
which  is  at  the  extreme  southern  outcrop  of  the  coal  basin  in  Illinois, 
and  when  analyzed,  this  coal  gave  a  moisture  content  of  2.76  and 
dry  ash,  3.40.  The  pure  B.  t.  u.  lay  somewhere  between  15,500  and 
15,700,  and  the  appearance  of  the  sample  indicated  a  superior  quality 
of  fuel. 

A  high  grade  fuel  is  prepared  in  the  form  of  washed  and  sized 
coal.  There  are  two  localities  which  lead  in  this  product,  one  is  in 
Williamson  County  and  the  other  in  Central  Illinois  in  the  lower  part 
of  Macoupin  and  upper  portion  of  Madison  county,  and  Table  No.  9 
shows  the  chemical  composition  of  these  fuels. 
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•       TABLE  NO.  7- 
Average   Production    Per  Mine,   Shipping   and   Local,  for  all   Counties 

FOR    1907. 

Total  Number  Average  Tons 

County.                                                 Production.  of  Mines.  per  Mine. 

Bond    136,967  2  68,483 

Brown    380  2  190 

Bureau    1,891,900  18  105,105 

Calhoun    4,45'0  I  4,450 

Cass     1,625  2  812 

Christian     1,235,566  8  154,446 

Clinton    1,061,410  7  150,630 

Edgar    790  1  790 

Franklin    863,165  8  107,895 

Fulton     i,993,40i  73  27,307 

Gallatin   88,908  10  8,890 

Greene    3,830  3  1,276 

Grundy    1,327,197  22  60,327 

Hancock     11,532  7  1,647 

Henry    173,587  34  5,105 

Jackson   705,363  18  39,187 

Jefferson  10,060  2  5,030 

Jersey    2,040  2  1,020 

Johnson     2,900  2  1,450 

Kankakee    37,828  1  37,828 

Knox   42,668  '  42  1,016 

LaSalle    1,644,686  39  42,171 

Livingston    269,811  9  29,979 

Logan    478,015  4  1 19,503 

Macon    296,329  5  59,265 

Macoupin    4,227,267  27  156,565 

Madison    3,573,^3  34  105,093 

Marion    1,084,783  7  154,969 

Marshall     471,725  13  36,286 

McDonough     46,389  54  859 

McLean  154,943  2  77,471 

Menard    403,896  14  28,849 

Mercer    458,472  18  25,471 

Montgomery    1,078,336  10  107,833 

Morgan   2,698  2  1,349 

Peoria    1,027,123  52  19,752 

Perry   1,743,922  27  64,590 

Putnam  268,710  2  134,355 

Randolph    742,894  13  57,146 

Rock   Island    66,513  12  5,543 

Saline     1,711,825  24  71,326 

Sangamon    4,876,621  38  128,332 

Schuyler    17,222  11  1,566 

Scott    21,364  9  2,374 

Shelby   143,308  1 1  13,028 

Stark    25,480  1 1  2,316 

St.  Clair   4,435,070  79  56,140 

Tazewell     216,901  1 1  19,718 

Vermilion     3,019,934  59  51,185 

Warren    14,110  15  941 

Washington   68,768  2  34,384 

White    7,243  1  7,243 

Will    188,338  5  37,668 

Williamson     5,266,452  46  114488 

Woodford     150,743  2  75,371 
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TABLE  NO.  8. 

Chemical  Composition  of  Seams. 

Heating  Power  per  Pound 
in  B.  t.  u. 

Ash  in  Moist  Dry       •      Pure 

Seam.       Fields.                                 Moisture.  Dry  Coal.  Coal.  Coal.  Coal. 

No.  i  All  fields   11.57          6.27  11,915  13,473  14,375 

No.  2  Wilmington  15-34          5-87  n,3i6  13,367  14,201 

No.  2  Northern   14-86  10.08  11,054  12,983  14,438 

No.  5  Springfield    12.66  12.31  10,990  12,583  14,350 

No.  5  Peoria  and  Fulton 14.67  15.10  10,381  12,166  14,330 

No.  5  Saline   6.75          775  12,945  13,882  15,048 

No.  6  All  fields   14-38  n.69  io,774  12,584  14,250 

No.  7  Williamson  and  Franklin.     9-65  12.16  11,508  12,737  14,500 

TABLE  NO.  9. 

Average  Chemical  Composition  of  Washed  and  Sized  Coal  as  Received 

at  Chicago. 

Williamson  County. 

Moist  Coal.  Dry  Ccal. 

No.  Moisture.        Ash.  B.  t.  u.  Ash.  B.  t.  u. 

1  - IO.4  8.56  11,751  9-56  I3,H4 

2  , 10.6  7.52  11,873  8.41  13,280 

3      10.8  7.22  1 1,887  8.10  I3.325 

4      11.0  8.19  H,7I7  9-20  13,166 

5      14.9  10.07  10,879  11-84  12,783 

Central  Illinois. 
Moist  Coal.  Dry  Coal. 

No.  Moisture.        Ash.  B.  t.  u.  Ash.         B.  t.  u. 

1      12.50  8.28  1 1,026  9.46  12,601 

2      12.70  7.74  11,072  8.87  12,683 

"    3      15.00  7.99  10,718  9.40  12,610 

4      15.30  8.68  10,580  10.25  12,491 

5      17.50  9-47  10,164  11.48  12,320 

When  the  fact  is  taken  into  consideration  that  Pocahontas  coal 
reaching  the  Chicago  market  contains  not  less  than  8  percent  ash,  it 
is  apparent  that  this  state  produces  a  very  good  quality  of  fuel  in 
these  washed  sizes.  The  screens  used  in  its  preparation  are  of  the 
following  sizes : — 

Screens 
Size  Over.  Through. 

No.  i 1%.  inch  2^  inch 

No.  2 1%  inch  1%  inch 

No.  3 24  *nch  l%  *nch 

No.  4 Y\  inch  24  inch 

No.  5 lA  inch 

The  following  brief  statement  will  serve  to  illustrate  the  physical 
characteristics  of  the  important  coal  seams  : — 

No.  1  is  a  very  clean  seam,  having  low  ash  content  as  shown  by 
table  of  analyses. 

No.  2  in  the  Wilmintgon  Field  is  a  very  clean  seam.     In  the 
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Northern  Field  there  are  some  pyrites  present.     In  the  southern 
part  of  the  state  it  is  also  a  comparatively  clean  seam. 

No.  5  in  Fulton  and  Peoria  County,  contains  a  sulphur  and  other 
bands,  which  are  separable  in  mining,  and  by  proper  preparation  a 
good  quality  of  fuel  can  be  produced.  In  the  Springfield  District 
there  are  no  sulphur  formations,  slate  bands  or  other  apparent  im- 
purities in  the  seam.  The  ash,  however,  is  rather  high  and  the  coal 
may  be  considered  to  a  slight  extent  as  bony.  In  this  respect  it 
differs  very  much  from  the  No.  6  seam  just  to  the  south,  as  it  pre- 
sents a  clean  black  face,  while  the  No.  6  seam  has  a  slate  and  a 
number  of  sulphur  bands,  so  that  well  prepared  lump  coal  from  No. 
5  is  not  as  low  in  ash  as  from  other  localities  which  carry  the  same 
total  amount  of  ash  in  the  seam.  The  leading  characteristic  of  the 
seam  is  the  presence  of  what  are  known  locally  as  "horse  backs" 
consisting  of  fissures  in  the  coal  seam  extending  from  the  roof  to 
the  floor,  which  when  small  are  filled  with  material  consolidated  to 
a  hard  rock;  when  large  are  rather  of  clay  formation.  These 
shrinkage  cracks  range  from  a  few  inches  to  several  feet  in  width. 
Properly  speaking,  these  "horse  backs"  are  not  an  impurity  in  the 
seam  from  the  standpoint  of  coal  preparation,  because  they  exist 
vertically,  and  the  seam  is  removed  independently  of  them.  The 
coal,  however,  is  hard  and  strong,  ships  well  and  has  a  very  favor- 
able appearance.  In  Saline  County  the  seam  is  very  clean,  the  only 
impurity  visible  being  occasional  sulphur  balls.  The  roof  is  generally 
very  good,  although  in  a  portion  of  the  field  there  is  a  thin  parting 
lying  between  the  coal  and  the  rock  above,  that  shoots  down  with 
and  becomes  broken  up  in  the  coal,  requiring  removal  in  loading. 

No.  6  has  a  persistent  slate  band  near  the  bottom  of  the  seam. 
ranging  usually  from  I  to  2  inches  in  thickness.  Above  this 
are  some  well  defined  sulphur  bands.  The  total  ash  in  the  seam  for 
Illinois  is  not  high,  however,  therefore  it  necessarily  follows  that 
the  cleaner  portion  of  the  seam  is  quite  low  in  ash,  because  a  large 
percentage  of  it  is  present  in  the  bands.  For  this  reason  a  high 
quality  of  lump,  egg  or  nut  coal  may  be  produced.  Raw  screenings 
from  this  seam  contain  approximately  the  same  percentage  of  ash  as 
those  from  No.  5  seam  in  the  Springfield  District. 

Seam  No.  7  is  that  which  presents  the  greatest  variation  in  quality. 
Like  No.  6  there  is  a  persistent  slate  band  of  from  1  to  2  inches  thick 
near  the  bottom.  The  prevailing  impurities  are  slate  bands  which 
are  more  or  less  irregular  in  thickness  and  presence,  together  with 
iron  pyrites  which  occur  as  "sulphur  balls,"  in  an  irregular  forma- 
tion called,  "cat  faces"  by  the  miners.  There  is  a  considerable  varia- 
tion in  ash,  ranging  from  7  percent  for  the  entire  seam  to  quite  high 
percentages  in  some  territory  prospected  in  Franklin  County.  In 
fact  in  this  instance,  slate  bands  were  so  persistent  and  thick  as  to 
make  it  unwise  to  attempt  to  operate.  The  sulphur  content  is  also 
quite  variable,  there  being  spots  in  the  seam  where  it  is  under  one 
percent,  ranging  from  this  up  to  three  and  four  percent.  As  an 
average,  however,  this  seam  is  lower  in  sulphur  than  in  any  other 
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in  the  state,  and  in  this  respect  is  markedly  different  from  that  in  the 
No.  6  seam  in  its  northern  and  central  areas.  In  fact,  there  are  some 
spots  which  produce  a  coal  that  will  make  a  very  good  grade  of  coke, 
well  suited  as  a  mixer  with  Pocahontas  in  the  formation  of  a  high 
grade  product. 

Map  No.  3  shows  segregated  coal  fields,  and  No.  4,  the  relative 
annual  production  in  tons  by  shipping  mines,  for  the  fourteen  various 
districts.  There  are  excluded,  however,  a  number  of  mines  in  terri- 
tory not  tributary  to  any  of  the  recognized  fields,  but  having,  never- 
theless, an  annual  output  of  about  1,500,000  tons,  located  mostly 
west  of  the  Illinois  River. 

The  following  items  which  refer  to  the  various  fields  are  presented 
for  purpose  of  identification  by  a  number  corresponding  to  that  em- 
ployed on  the  maps  indicating  the  fields : 

1.  Rock  Island  Field.  In  the  early  days  of  mining  in  Illinois, 
Rock  Island  County  produced  quite  an  important  percentage  of  the 
output,  although  from  various  small  beds  of  coal  in  seam  No.  1, 
which  have  now  been  largely  exhausted.  The  main  bed  is  indicated 
on  the  map  as  extending  southward  into  Mercer  County.  The  prod- 
uct is  marketed  in  the  towns  of  Davenport,  la.,  and  Rock  Island 
and  Moline,  111.    In  quality  the  coal  ranks  high. 

2.  The  Northern  Field  operates  seam  No.  2  which  has  a  thick- 
ness generally  of  3.5  feet.  Mining  is  by  the  long  wall  method.  The 
market  for  the  product  is  very  largely  to  the  north  and  west,  as  the 
coal  is  of  quite  hard  and  strong  character,  therefore  ships  with  a 
minimum  amount  of  breakage,  making  it  popular  among  country 
dealers.  The  principal  product  is  lump  coal  and  washed  screenings, 
although  in  the  past  it  has  been  lump  and  mine  run ;  the  finer  sizes 
have  little  value  in  a  raw  state  on  account  of  the  fire  clay  from  the 
bottom  and  other  dirt  mixed  with  the  coal.  The  screenings  are  now 
washed,  and  washed  coal  has  become  a  product  of  importance,  find- 
ing a  market  in  Chicago  and  elsewhere.  The  cost  of  mining,  how- 
ever, is  sufficiently  high  to  prevent  other  product  than  washed  screen- 
ings competing  at  Chicago  with  the  thicker  seams  operated  by  the 
pillar  and  room  method.  Were  it  not  for  the  high  cost  of  mining, 
this  and  the  Wilmington,  or  Field  No.  3,  operating  the  same  seam, 
would  have  a  much  larger  output.  The  seam  lies  at  a  depth  of  from 
300  to  400  feet  and  is  commonly  known  as  the  Third  Vein,  a  name 
originating  at  the  town  of  LaSalle,  at  which  place  former  operations 
were  in  seam  No.  7.  This  being  the  first  to  be  worked  was  generally 
spoken  of  as  the  First  Vein ;  later,  shafts  were  sunk  to  No.  5  and 
called  the  Second  Vein ;  still  later,  seam  No.  2,  being  the  third  one 
operated,  was  called  the  Third  Vein,  and  this  appellation  is  quite 
commonly  used  to  designate  the  seam  operated  by  the  long  wall 
method  in  fields  Nos.  2  and  3  in  the  northern  part  of  the  state.  The 
town  of  Streator  some  years  ago  was  the  scene  of  very  active  mining 
operations,  that  were  carried  on  in  thick  beds  of  coal,  presumably 
seams  6  and  7,  which  in  places  came  together,  so  that  the  rooms 
were  driven  as  high  as  12  feet  in  some  cases.  The  thick  bed,  how- 
June,  1909 


324  Bement — The  Illinois  Coal  Field 

ever,  was  of  a  limited  area  and  has  now  been  almost  entirely  worked 
out.  Since  the  exhaustion  of  the  thicker  upper  seams,  shafts  have 
been  sunk  to  the  No.  2. 

3.  The  Wilmington  Field  was  the  principal  source  of  supply  of 
bituminous  coal  used  in  Chicago  prior  to  the  advent  of  the  block 
coals  from  Indiana,  the  latter  in  large  measure  supplanting  it  until 
the  thick  seams  to  the  south  in  Illinois  took  the  lead.  Thus  William- 
son County,  some  300  miles  away,  can  ship  any  grade  of  coal  to 
Chicago  which  Grundy  County  cannot  do,  although  at  a  distance  of 
only  55  miles  from  Chicago,  because  of  high  cost  of  production, 
which  overcomes  the  difference  in  freight  rate.  As  in  the  Northern 
Field,  seam  No.  2,  having  a  thickness  of  3  feet,  is  operated  by  long 
wall  method,  and  all  of  the  fine  coal  is  washed,  finding  ready  market 
in  Chicago,  but  the  larger  sizes,  as  with  the  Northern  Field,  are 
shipped  principally  to  the  north  and  west. 

4.  Fulton  and  Peoria  Counties.  This  is  a  field  operating  by  pillar 
and  room  method  in  what  is  called  the  No.  5  seam,  having  a  thick- 
ness of  approximately  4  feet.  The  product,  which  is  mine  run,  lump, 
egg  and  raw  screenings,  finds  market  almost  exclusively  west  of  the 
Illinois  River  outside  of  the  state,  both  to  the  north  and  west.  This 
is  a  field  which  does  not  compete  with  the  others  of  Illinois  on  ac- 
count of  high  cost  of  production,  due  to  the  thin  seam  and  other 
mining  conditions. 

5.  The  Grape  Creek  Field  is  the  northernmost  one  producing 
cheap  coal,  wherein  the  No.  6  seam,  having  a  thickness  of  about 
8  feet,  is  operated  by  the  pillar  and  room  method.  The  product  has 
found  a  ready  market  by  a  comparatively  short  haul,  to  the  northern 
portion  of  Indiana  and  lower  parts  of  Chicago ;  also  to  industries  on 
the  Belt  Railway,  the  oil  works  of  Whiting,  Ind.,  and  steel  works  of 
South  Chicago  being  very  large  customers.  The  body  of  coal  is  a 
comparatively  small  one,  but  has  been  the  most  active  field  in  Illinois, 
and  while  the  character  of  the  roof  is  such  as  to  make  mining  expen- 
sive on  account  of  the  amount  of  timber  required,  the  large  output 
keeps  down  the  cost  of  production  to  a  low  figure. 

6.  Springfield  District.  The  bed  of  coal  operated  in  the  counties 
of  Sangamon,  Logan  and  Menard  is  known  as  No.  5.  The  seam 
is  abut  5  feet  10  inches  thick,  or  approximately  6  feet,  and  the  char- 
acter of  the  roof  is  such  as  to  allow  the  entire  height  of  the  coal  to 
be  mined,  it  not  being  necessary  to  leave  any  of  the  upper  part  of 
the  seam  for  roof.  Thus  while  a  little  thin  to  be  classed  in  Illinois 
as  thick  coal,  the  fact  that  the  entire  height  may  be  removed,  to- 
gether with  the  low  mining  rate,  justifies  such  classification.  The 
name,  Springfield  District,  as  often  used,  applies  to  a  territory  very 
much  larger  than  shown  on  the  map ;  in  fact,  extending  down  to  as 
far  as  Macoupin,  Montgomery  and  Christian  counties,  but  in  this 
southern  territory  the  No.  6  seam  is  operated,  and  for  this  reason  a 
separation  is  justifiable.  The  Springfield  District  is  the  northernmost 
field,  next  to  that  of  Grape  Creek,  furnishing  cheap  coal  at  Chicago ; 
in  fact,  it  competes  readily  with  other  fields.     The  product  is  lump, 
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egg,  mine  run  and  raw  screenings.  This  seam  is  rather  high  in  ash, 
although  other  mining  conditions  are  such  as  to  insure  that  a  mini- 
mum quantity  of  dirt  becomes  mixed  with  the  coal,  thus,  notwith- 
standing the  fact  that  ash  is  naturally  rather  high,  the  product  is 
about  the  same  in  this  respect  as  that  of  other  localities. 

7.  The  Virden  Field  operates  seam  No.  6  which  has  a  thickness 
of  from  7  to  8  feet,  and  owing  to  a  shale  parting  ranging  in  thick- 
ness from  o  to  3  feet  which  lies  immediately  over  the  coal  and  under 
strong  rock,  it  is  the  practice  to  leave  up  a  portion  of  the  top  of  the 
seam,  forming  a  roof  to  hold  the  shale,  although  on  main  roads  the 
top  is  brushed  to  the  rock  above,  making  very  fine  and  permanent 
roadways.  This  condition,  however,  changes  somewhat  in  the  east- 
ern part  of  the  field,  and  the  shale  is  replaced  by  a  slate  which  allows 
the  full  height  of  the  coal  to  be  mined  out,  although  the  slate  re- 
quires timbering.  Lump,  egg,  mine  run  and  raw  screenings  are 
produced.  There  are  only  two  washers  in  the  field,  as  it  is  a  rather  dry 
locality,  and  does  not  afford  proper  water  supply  for  washing.  This, 
like  the  Springfield  District  finds  very  ready  market  at  Chicago,  and 
is  able  to  compete  quite  freely  in  the  state. 

8.  The  Pana  Field  operates  in  the  No.  6  seam,  which  has  a  thick- 
ness of  about  8  feet  with  good  roof  conditions.  Lump  and  egg  coal, 
mine  run  and  washed  and  raw  screenings  are  produced.  The 
product  finds  ready  entrance  to  Chicago  via  the  Illinois  Central  and 
Chicago  &  Eastern  Illinois  Railways,  but  fields  much  further  south 
in  the  No.  6  seam  cannot  readily  reach  Chicago. 

9.  Central  Illinois  Field  includes  Madison,  Clinton,  Washington, 
St.  Clair  and  Randolph  counties.  All  operations  are  in  the  No.  6 
seam,  having  a  thickness  of  from  7  to  8  feet.  This  is  the  territory 
immediately  adjacent  to  St.  Louis,  Mo.,  and  from  which  that  city 
gets  most  of  its  fuel  supply.  In  general,  mining  conditions  are  good, 
especially  in  St.  Clair  and  Clinton  counties.  The  roof  in  Madison 
County,  however,  requires  much  timbering.  The  product  is  princi- 
pally lump,  egg  and  mine  run  and  screenings,  the  latter  of  which  is 
shipped  both  raw  and  in  washed  condition.  There  are  a  large  num- 
ber of  washers  in  the  lower  part  of  Macoupin  and  also  in  Madison 
County ;  in  fact,  this  locality,  together  with  Williamson  County,  are 
the  most  active  points  for  coal  washing  in  the  state. 

10.  The  Centralia  Field  is  a  very  active  locality  with  six  mines 
operating  in  the  No.  6  seam  which  lies  at  considerable  depth,  and  the 
coal  is  of  good  quality. 

11.  The  Duquoin  Field  is  the  southernmost  extension  of  the  great 
body  of  the  No.  6  coal  seam  which  comprises  Districts  7,  8,  9,  10 
and  II.  Owing  to  the  slightly  better  quality  of  the  coal,  distance 
from  the  general  market,  higher  freight  rates  and  other  competitive 
conditions,  it  is  separated  in  the  classification  from  that  of  the  Cen- 
tral Illinois  Field,  otherwise,  the  remarks  concerning  the  other  fields 
operating  in  this  seam  apply  to  it. 

12.  The  Williamson  and  Franklin  County  Field  is  now,  every- 
thing considered,  the  most  important  in  the  state.     The  coal  seam 
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which  averages  9  feet  in  thickness  and  ranges  as  far  as  known  frcm 
8  to  12,  is  overlain  by  a  shale  roof  of  such  character  that  a  portion 
of  the  seam  is  left  up  for  a  roof,  which  may  readily  be  done  on  ac- 
count of  its  great  thickness.  It  is  the  most  important  district  in  the 
state  for  the  production  of  prepared  fuels,  as  a  very  large  portion 
of  the  fine  coal  is  washed  and  graded  into  five  sizes.  In  fact,  in 
some  instances,  there  is  no  effort  put  forth  to  restrict  the  amount  of 
fine  coal  made,  because  it  is  considered  more  desirable  to  produce 
the  prepared  sizes  for  market  than  lump  or  egg  coal.  Not  all  of  the 
fine  coal,  however,  is  washed;  a  considerable  percentage  of  high 
grade  raw  screenings  is  shipped.  The  field  competes  readily  with 
the  rest  of  the  state.  The  quality  of  the  coal  is  enough  better  than 
that  from  the  No.  6  seam  to  overcome  the  difference  in  freight  rate 
owing  to  the  longer  haul. 

13.  Big  Muddy  Field.  The  No.  2  seam  is  ope/ated  and  has  a 
thickness  of  6  feet.  It  produces  coal,  which  in  the  past  has  had  a 
reputation  of  being  the  best  in  the  state,  but  the  bed,  originally  of 
very  limited  extent,  is  rapidly  approaching  exhaustion.  This  field 
enjoys  a  ready  market. 

14.  The  Saline  County  Field  is  the  newest  and  in  respect  to 
quality  of  product,  the  most  important  in  Illinois.  Unlike  the  other 
principal  coal  fields  in  this  state,  the  seam  is  not  of  a  uniform  thick- 
ness, but  ranges  from  4  to  8  feet.  Mining  conditions  are  also  excep- 
tionally favorable,  a  strong  rock  roof  making  it  possible  to  drive  very 
wide  entries  and  room  necks,  so  that  cost  for  narrow  work  is  re- 
duced to  a  minimum.  Until  recently  the  field  suffered  for  lack  of 
transportation,  the  outlet  being  by  way  of  the  Cairo  Division  of  the 
Big  Four  Railway,  which  was  not  suited  to  the  economical  transport 
of  coal.  This  line,  however,  has  been  improved,  since  which  time 
-the  percentage  of  increase  has  been  much  more  rapid  than  that  in 
any  other  coal  field  in  the  history  of  mining  in  Illinois.  The  field, 
however,  does  not  compete  to  any  great  extent  with  other  Illinois 
Fields,  its  coal  having  found  a  market  of  its  own,  largely  owing 
to  the  favorable  outlet  furnished  by  its  connecting  railway. 
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Discussion. 

President  Allen  :  One  of  the  principal  duties  of  our  Society  is  to 
bring"  up  for  presentation  and  discussion  the  commercial  and  engi- 
neering problems  of  the  west,  and  Mr.  Bement's  paper,  which  treats 
so  thoroughly  and  well  of  the  coal  resources  of  this  state,  will  be  of 
extreme  interest  and  value  to  all  engineers.  The  coal  supply  of  any 
district  is  very  intimately  connected  with  its  industrial  supremacy. 
We  are  not  favored,  in  this  part  of  the  world,  with  very  much  natural 
water-power  and  we  have  to  depend  for  motive-power  largely  on  our 
fuel  supply,  of  which  coal  is  of  course  the  principal  factor.  The  in- 
dustrial supremacy  of  Illinois  depends  very  largely  today  upon  the 
existence  of  its  coal  field,  and  we  have  now  come  to  the  point  where 
the  first  exploitation  has  been  made,  where  we  have  got  to  consider 
these  things  scientifically,  and  with  a  view  of  conserving  our  supply, 
working  it  economically  and  scientifically. 

This  paper  ought  to  call  out  a  good  deal  of  discussion  among  the 
geologists,  among  the  users  of  coal,  and  among  the  miners  of  coal. 
It  ought  to  form  the  basis  of  better  classification  of  coal  of  different 
fields  and  more  scientific  use  of  the  coals  in  these  fields. 

Mr.  Gordon  Buchanan  :  In  reading  over  Mr.  Bement's  paper,  the 
point  that  appealed  to  me  most  was  the  question  of  the  causes  leading 
up  to  the  present  reckless  and  wasteful  methods  of  mining.  Recent 
numerous  accidents  have  led  the  Illinois  Coal  Operators'  Association 
to  appoint  a  mine  accident  committee,  of  which  I  happen  to  be  secre- 
tary. Mr.  Carl  Scholz,  a  mining  engineer,  is  chairman  of  that  com- 
mittee, which  is  made  up  of  one  member  from  each  of  the  nine  dis- 
tricts of  Illinois.  The  purpose  of  the  committee  is  to  investigate  ac- 
cidents and  endeavor  to  get  at  the  reasons  and  the  remedies.  This 
has  led  us  to  look  into  the  question  of  the  production  of  coal  from  a 
different  point  of  view  than  as  ordinary  operators.  Recently,  as  some 
of  you  know,  there  was  a  coal  conference  at  Urbana,  at  which  Dr. 
Holmes,  Mr.  George  S.  Rice  and  Mr.  R.  Y.  Williams,  of  the  United 
States  Geological  Survey,  with  Dr.  Bain  and  Mr.  F.  W.  DeWolf,  of 
the  State  Geological  Survey,  were  present,  representing  the  miners, 
consumers,  and  operators.  I  think  there  is  no  question  in  the  minds 
of  all  of  you  as  to  the  desirability  of  preventing  the  waste  of  the  nat- 
ural resources  of  the  state,  among  the  greatest  of  which  is  coal. 

The  value  of  the  mineral  output  of  the  state,  according  to  the  State 
Geological  Survey,  for  1907,  was  estimated  at  $152,000,000,  of  which 
some  54,000,000  tons  of  coal  was  valued  at  a  trifle  over  $54,000,000. 
The  output  in  tons  per  man  is  rapidly  increasing.  What  is  the  reason 
for  that?  One  is  that  since  we  "let  down  the  bars"  some  years  ago 
and  permitted  the  mine-run  system  to  become  a  factor  in  the  state, 
the  entire  energy  of  every  miner  in  the  state — a  greater  portion  of 
which  was  heretofore  devoted  to  safe-guarding  of  mines — has  been 
largely  and  almost  exclusively  devoted  towards  an  increased  tonnage 
per  man.  The  miners  today  do  not  care  how  that  coal  is  produced, 
and  the  result  is  that  the  coal  is  often  mined  in  such  a  way  that  a  very 
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large  proportion  cannot  be  economically  burned — at  least  under  the 
majority  of  boilers  now  in  operation.  We  have  smoke  preventive 
boards  as  a  consequence. 

The  rapid  increase  in  the  reckless  and  unintelligent  use  of  explo- 
sives has  been  the  direct  cause — at  least  largely — of  the  increase  in 
fatal  accidents  and  damage  to  property.  At  present  the  Leiter  prop- 
erties are  sealed  up  and  practically  abandoned,  and  no  one  knows 
when  they  can  be  opened  up  again.  A  very  large  investment,  per- 
haps, and  possibly  a  large  coal  field,  has  been  lost. 

The  recent  explosions  and  fires  in  Franklin  county  have  led  a  num- 
ber of  property  owners  to  approach  Mr.  Scholz  in  an  effort  to  have 
him  dispose  of  the  property.  This  fact  is  giving  the  state  a  bad  name, 
discouraging  investments,  etc.  The  conditions  that  exist  today 
through  ignorance  among  miners,  their  disregard  of  authority,  and 
the  danger  of  setting  fire  to  valuable  coal  fields,  especially  in  Frank- 
lin county  where  the  coal  has  a  tendency  to  take  fire  easily,  is  one  that 
ought  to  be  guarded  against.  In  fact,  the  recklessness  in  the  use  of 
explosives  has  reached  such  a  point  that  the  men  are  afraid  to  remain 
in  the  mines  when  the  explosion  takes  place. 

An  electrical  device  is  now  on  the  market  which  it  is  claimed  will 
fire  the  shots  as  prepared  in  the  mine.  But  those  of  us  who  have  ex- 
amined the  machine  are  confident  that  it  is  too  complicated  and  that 
it  will  not  be  wise  to  use  it,  because  in  many  mines  it  is  necessary  to 
examine  the  mine  immediately  following  the  shots,  in  order  to  extin- 
guish fires  which  frequently  take  place.  The  machine  fires  a  shot 
every  minute,  and  there  are  many  mines  where  there  are  200  or  300 
shots  fired  each  day;  if  we  say  that  half  of  those  shots  were  fired — 
150  shots — and  that  the  next  one  set  fire  to  the  coal,  that  would  mean 
150  minutes  at  least,  before  anyone  could  go  into  the  mine  and  see 
whether  there  was  a  fire.  With  a  current  of  150,000  to  200,000  cubic 
feet  of  air  per  minute  you  can  readily  see  what  would  happen  to  that 
mine  if  a  fire  had  a  start  of  150  minutes.  I  merely  cite  this  illustra- 
tion to  show  what  the  mining  industry  has  to  contend  with  today. 
We  feel  that  it  is  a  dangerous  situation,  and  it  is  one  in  which  we 
need  the  public's  help. 

Another  reason  for  accidents  is  the  lack  of  discipline.  There 
are  in  the  mines  today,  men  that  five  or  ten  years  ago  would  not  have 
been  allowed  on  the  premises.  The  rapid  increase  in  the  nurhber  of 
mines  and  the  fact  that  the  labor  organizations  have  been  able  to 
practically  tie  the  hands  of  the  operators  as  far  as  increased  number 
of  laborers  coming  into  the  state  is  concerned,  has  compelled  us  to 
employ  an  ignorant  and  cheap  class  of  workmen.  We  have  a  good 
many  operators  who  know  practically  nothing  about  the  mining  busi- 
ness, and  who  are  conducting  mining  operations  in  a  reckless  and 
ignorant  way.  Many  of  them  happened  to  have  land  under  which 
coal  existed,  and  organized  companies,  expecting  to  get  rich  sud- 
denly. 

The  state  is  attempting  to  educate  men,  through  the  State  Mining 
Board,  to  act  as  mine  examiners  and  mine  managers,  but  the  number 
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of  men  available  for  that  purpose  is  quite  limited.  Although  the 
United  States  is  the  second  coal-producing"  country  in  the  world,  and 
Illinois  is  the  second  state  in  the  production  of  coal,  there  is  only  one 
school  in  the  country  (in  Oklahoma)  where  coal  mine  engineering 
is  taught  to  any  great  extent. 

At  the  recent  coal  conference  in  Urbana,  the  report  of  what  the 
United  States  Geological  Survey  is  doing  towards  the  investigation 
of  explosions  and  explosives  was  partially  given  out.  The  fact  was 
borne  in  upon  all  of  us  that  there  is  an  absence  of  exact  knowledge 
relating  to  coal  mining.  There  is  no  doubt  but  that  we  are  wasting 
our  resources ;  there  is  no  doubt  but  that  the  state  is  being  injured 
through  the  damage  to  property  interests  by  the  reckless  use  of  ex- 
plosives. After  some  discussion,  a  resolution  was  offered  by  Mr. 
Carl  Scholz,  seconded  by  myself,  which  paved  the  way  for  a  commit- 
tee to  go  before  the  State  Legislature  and  request  the  establishment 
of  a  school  of  mining  engineering  in  the  State  University.  Mr. 
Scholz  and  I  were  authorized  to  appoint  the  committee,  which  was 
intended  to  represent  the  interests  of  the  consumers,  manufacturers, 
miners,  state  mine  inspectors,  and  the  operators,  so  that  it  will  be 
practically  an  impartial  body.  It  seems  to  me  that  such  an  institution 
is  one  in  which  every  citizen  in  the  state  is  vitally  interested.  It  cer- 
tainly will  pave  the  way  to  a  conservation  of  one  of  the  greatest  nat- 
ural resources  we  have  in  the  state. 

The  present  status  of  the  movement  is  that  bills  have  been  intro- 
duced in  the  State  Legislature  and  are  now  in  the  hands  of  the  ap- 
propriation committee,  and  it  seems  to  me  that  it  would  be  a  wise 
move,  if  you  see  fit,  for  you  to  endorse  that  movement.  A  modest 
sum  has  been  asked,  to  start  it,  which  will  probably  not  be  enough  to 
maintain  it  in  the  future — $15,000 — but  it  is  thought  that  this  is 
enough  to  organize  on.  The  plan  is  to  have  a  course  at  the  Univer- 
sity for  such  of  the  miners  as  feel  able  to  attend  the  school,  and  to 
educate  young  men  for  official  positions,  the  idea  being  that  through 
them  and  the  corps  of  instructors,  investigations  would  be  made  into 
the  causes  of  accidents,  with  a  view  of  improving  the  processes  of 
mining.  This  would  tend  to  conserve  the  resources,  and  thereby 
benefit  directly  or  indirectly  everybody  in  the  state.  Anything  which 
can  be  done  by  engineers,  miners,  or  the  general  public,  to  improve 
the  present  mining  methods  should  be  done. 

The  mining  industry  is  badly  handicapped  by  unwise  legislation  in 
Illinois.  As  an  example  of  what  has  been  done,  at  the  last  Legisla- 
ture a  law  was  passed,  that  no  operator  should  employ  a  man  who  did 
not  hold  a  certificate  of  competency.  This  law  provided  that  a  board 
of  three  miners  should  be  appointed  by  the  Circuit  Judge  in  each 
county,  who  should  pass  on  the  miner's  qualification.  The  plea  in 
connection  with  the  introduction  of  the  law  was,  that  so  many  reck- 
less men  existed  among  the  ranks  of  the  men,  that  many  of  the  better 
miners  were  becoming  afraid  to  go  into  the  mines  for  fear  they 
would  be  killed.  I  have  yet  to  hear  of  a  miner,  good  or  bad,  who  did 
not  qualify. 
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We  mine  operators  are  to  blame  partially  for  the  conditions  that 
exist,  because  we  have  not  taken  the  public  into  our  confidence.  We 
believe  that  the  time  has  arrived — in  fact  it  arrived  a  long  time  ago — 
when  all  of  us  should  take  an  active  interest  in  the  existing  condi- 
tions, especially  in  coal  mining  in  Illinois,  because  this  all  reacts  di- 
rectly or  indirectly  on  you  or  those  whom  you  represent.  A  needless 
burden  is  placed  upon  an  investor  when  the  men  are  permitted  to  dic- 
tate how  things  shall  be  done  in  the  mine,  for  the  miners  then  become 
careless  of  discipline  and  are  not  willing  to  be  directed.  If  such  prac- 
tice is  continued,  it  will  eventually  rob  the  state  of  a  very  large  pro- 
portion of  its  resources,  through  fires,  etc. 

President  Allen :  Those  of  us  who  have  read  the  "Confessions  of 
a  Railroad  Signal  Man,"  will  recognize  that  the  problem  of  the  coal 
operators  is  the  same  one  that  the  railroad  operators  are  now  trying 
to  meet — interference  of  labor  organizations  and  unintelligent  legis- 
lation. It  is  the  experience  of  the  world  that  it  takes  accidents  and 
disasters  to  awaken  the  public,  but  that  when  public  sentiment  has 
been  once  aroused,  it  moves  with  irresistible  force.  So  it  seems  from 
the  record  as  though  public  sentiment  were  in  a  fair  way  towards  be- 
ing aroused,  and  our  Society  may  perhaps  be  able  to  contribute  its 
influence  towards  the  proper  settlement  of  the  relations  between  the 
miner  and  the  operator. 

Mr.  J.  K.  Bering :  In  listening  to  the  discussion  this  evening,  I 
was  impressed  with  the  remark  that  it  has  been  predicted  that  the 
supply  of  coal  will  be  exhausted  in  sixty  or  seventy  years.  Our  en- 
gineers have  been  in  the  East  lately,  and  came  back  with  information 
about  how  there  they  produce  coal.  They  seem  to  be  making  a  much 
larger  extraction  than  we  are,  and  this  has  set  us  to  thinking.  Many 
times  we  have  thought  that  the  time  is  not  far  distant  when  it  is  going 
to  become  necessary  to  pass  some  laws  that  will  compel  us  to  take  out 
more  coal  and  stop  the  waste.  We  have  been  obliged,  on  account  of 
competition  and  over-production  of  coal  in  Illinois,  to  pay  more  at- 
tention in  undertaking  to  get  a  small  profit  out  of  our  mining  indus- 
try than  we  have  to  conserving  the  supply.  But  I  hope  we  shall  be 
able,  with  your  aid,  to  make  some  progress  along  that  line. 

Mr.  Bement  has  a  very  high  place  in  the  minds  of  all  coal  men  in 
the  west,  especially  in  Chicago,  and  we  consider  that  he  has  done  a 
great  deal  for  us,  in  the  way  of  preparing  maps,  etc.  We  consult  his 
coal  data  daily.  Possibly  other  men  have  done  similar  work,  but  he 
is  the  one  man  whose  work  I  am  familiar  with. 

Mr.  Paul  P.  Bird :  I  think  that  the  Western  Society  of  Engineers 
is  to  be  congratulated  because  of  the  paper  that  Mr.  Bement  has  pre- 
sented tonight.  Such  a  paper  entails  a  vast  amount  of  time  and  labor. 
It  is  very  desirable  that  data  of  this  sort  be  collected  and  classified 
and  from  time  to  time  presented  to  us  in  this  form. 

To  a  layman  I  think  the  most  interesting  feature  of  the  paper  is 
that  portion  touching  on  the  conservation  of  the  natural  resource-. 
During  the  last  year  we  have  heard   a  great   deal   on  this   subject. 
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President  Roosevelt  and  Gifford  Pinchot  have  taken  a  great  deal  of 
interest  in  this  matter  and  have  started  the  ball  rolling.  The  outlook 
is  hopeful  when  societies  of  this  sort  discuss  these  questions,  when 
we  are  considering"  a  mining  school  at  our  State  University,  when  we 
have  such  meetings  as  was  recently  held  at  the  University  of  Illinois 
— The  First  State  Fuel  Conference — and  when  so  much  attention 
is  being  paid  to  the  proper  methods  of  burning  coal  economically 
and  without  smoke ;  all  these  things  show  that  we  are  all  working 
toward  the  same  end  and  that — the  conservation  of  the  fuel  re- 
sources of  our  country.  I  think  the  author  of  this  paper  is  doing  a 
very  large  share  of  this  work. 

Mr.  C.  W.  Naylor,  m.w.s.e.  :  In  reading  over  the  paper  I  notice 
the  author  alludes  to  the  Pana  district  and  the  Big  Muddy  district, 
While  we  are  fairly  well  familiar  with  the  maps  it  occurred  to  me  to 
suggest,  for  the  author's  consideration,  that  he  possibly  include  with 
the  name  of  the  county  that  of  the  town,  which  latter  is  not  shown 
on  the  maps. 

Mr.  Warren  R.  Roberts,  m.w.s.e:  I  wish  to  add  my  testimony  as 
to  the  value  of  this  paper.  I  read  it  carefully,  thinking  I  would  have 
a  good  many  questions  to  ask  the  author,  but  found  he  answered 
most  of  them  before  I  had  completed  the  paper. 

On  page  310  the  author  refers  to  a  deep  seam  of  coal  discovered 
by  boring  at  Lovington,  111.  To  complete  this  record,  I  think  it 
might  be  well  to  add  that  the  shaft  is  now  down  to  coal  and  that 
8  ft.  2  in.  of  coal  was  found  at  approximately  900  ft.  depth.  The 
two  seams  do  not  run  together  without  the  intervening  rock,  as 
the  boring  had  seemed  to  indicate,  but  the  seams  were  approx- 
imately the  same  as  were  found  at  Assumption,  viz. :  2  ft.  of  black 
slate  above  the  8  ft.  2  in.  of  coal,  and  then  12  ft.  of  limestone.  Noth- 
ing was  said  as  to  whether  the  upper  seam  was  immediately  above 
the  seam  of  12  ft.  of  limestone  or  not,  but  mention  was  made  that 
there  was  some  15  or  20  ft.  distance  between  the  seams  of  coal. 

Mr.  W.  L.  Abbott,  m.w.s.e.:  The  remarks  that  I  will  make,  are 
along  the  line  of  what  Mr.  Buchanan  has  said  in  regard  to  the  miners 
having  the  operators  quite  tightly  sewed  up.  Nowr,  I  do  not  think 
that  anyone  knows  today,  better  than  the  operators,  that  they  have 
what  was  coming  to  them. 

Personally  I  know  nothing  about  this  matter,  but  different  operat- 
ors have  told  me  that  before  the  miners  were  organized,  their  hours 
of  work  were  long,  their  conditions  of  labor  wrere  very  disagreeable, 
they  were  compelled  to  trade  at  the  company's  store,  the  mining  rate 
was  irregular  and  always  low,  and  that  while  the  miners  themselves 
were  loading  cars  way  down  below  in  the  pit,  the  company's  weigh- 
master  was  up  on  top  weighing  this  coal  in  very  long  tons  on  uncer- 
tified scales.  Finally  the  miners  organized,  and  then  strikes  occurred 
first  in  one  district  and  then  in  another,  with  the  usual  accompani- 
ment of  fights. 

The  situation  even  then  was  not  beyond  easy  control,  but  when  the 
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operators  of  one  district  found  that  a  strike  in  a  competitive  district 
made  business  good  for  them,  they  contributed  to  the  strike  fund  to 
keep  the  strike  going.  After  the  miners  won  their  fight  in  the  first 
district  they  called  a  strike  in  another  district,  and  the  operators  in 
the  first  district  would  return  the  compliment  and  contribute  to  the 
strike  fund  in  the  other  district.  So  it  took  but  a  short  time,  with  the 
kind  assistance  of  the  operators,  to  get  the  miners  fully  organized. 

The  last  nail  to  thoroughly  box  up  the  operators,  was  driven  when 
the  operators  were  forced  to  agree  to  employ  none  but  union  men 
and  to  collect  from  the  miners'  wages  the  union  dues  and  turn  them 
over  to  the  organization.  At  this  time  also  was  the  change  from  the 
lump  coal  basis  to  the  mine-run  basis.  The  effect  of  that  is  seen  by 
the  curve  in  Mr.  Bement's  paper.  The  amount  of  powder  per  ton  of 
coal  is  being  doubled.  You  may  not  all  understand  what  this  means. 
Formerly  a  miner  was  paid  by  the  ton  of  lump  coal,  which  he  mined 
and  hoisted  out.  All  the  screenings  which  he  mined  he  was  not  given 
credit  for.  Now  he  is  paid  for  all  the  coal  which  he  mines,  be  it  fine 
or  lump.  Therefore,  the  miner  has  no  interest  in  seeing  that  he  does 
not  break  up  the  coal  any  more  than  possible.  Formerly  he  would  lie 
down  on  his  side  and  with  a  short  pick-ax  under-cut  the  wall  of  coal, 
reaching  in  as  far  as  he  could,  four  or  five  feet,  then  drive  wedges  in 
at  the  top  of  the  ledge  and  break  off  what  he  had  under-cut.  In  that 
way  there  would  be  very  little  screenings.  He  used  some  powder 
with  the  wedging,  and  perhaps  sometimes  he  would  not  use  any 
powder.  Now  the  miner  does  not  care  how  much  fine  coal  he  gets, 
because  coal  is  coal  to  him.  He  does  not  under-cut  the  coal  in  many 
cases,  but  will  drill  several  holes  from  five  to  six  feet  deep,  put  in  a 
whole  lot  of  powder,  and  then  leave  the  mine  while  the  shots  are  be- 
ing fired  by  someone  else.  If  too  much  powder  has  been  put  in,  when 
that  shot  is  fired  it  does  what  they  call  "blow  out,"  and  instead  of  ex- 
tending its  force  deep  in  the  ledge  it  will  blow  out  like  a  cannon,  a 
great  cloud  of  fine  coal  dust,  which  is  ignited  from  the  powder  flame 
and  results  in  a  disastrous  explosion.  With  the  increased  use  of  the 
powder  we  have  this  shattering  of  the  coal,  which  is  gradually  in- 
creasing the  fine  coal. 

With  the  organization  of  the  miners,  naturally  the  mining  rate  has 
gone  up,  and  competition  is  so  severe  among  the  different  mines  that 
the  profit  on  a  ton  of  coal  is  very  small — a  few  cents  only.  If  you  ask 
any  operator  who  is  selling  coal  for  ninety  cents  a  ton  what  it  costs 
him,  he  will  assure  you  it  costs  him  ninety-five  to  get  it  out,  but  the 
difference  of  five  cents  is  probably  on  the  other  side.  The  profit  in 
mining  is  probably  five  or  ten  cents,  but  that  is  very  small  and  can 
easily  be  lost.  The  fact  that  coal  in  the  seam  costs  less  than  one  cent 
a  ton,  while  the  labor  necessary  to  get  it  out  costs  from  fifty  to 
seventy-five  cents,  naturally  leads  to  wasteful  methods  of  mining. 
For  example,  in  the  southern  part  of  Illinois,  where  the  coal  seam  is 
very  thick,  the  miners  go  into  the  seam  like  vandals,  carve  out  what 
they  can  get  easiest,  and  leave  up  two  or  three  feet  of  coal.    It  will 
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cost  the  operator  two  or  three  cents  per  ton  more  to  get  out  the  coal 
which  is  at  the  top  of  the  vein  than  it  will  to  get  out  that  at  the  bot- 
tom ;  therefore,  he  leaves  it,  and  that  coal,  as  well  as  the  coal  in  the 
pillars,  which  constitutes  about  one-third  of  the  seam,  is  left  there 
for  all  time. 

If  there  were  laws  to  compel  the  mining  to  be  done  so  that  the 
miner  would  have  to  begin  at  the  outer  edge  of  the  field  and  work  in 
toward  the  shaft,  all  the  coal  could  be  gotten.  As  it  is  now,  he  has  to 
leave  30  to  50  per  cent  of  it.  The  operators  realize  all  this  and  I  have 
no  doubt  they  will  be  glad  to  prevent  that  waste,  if  possible,  but  if 
any  one  operator  or  any  dozen  operators  would  try  to  prevent  that 
waste,  they  would  surely  fail,  because  the  cost  of  mining  would  be 
five  or  ten  cents  higher  than  mines  which  would  not  operate  that  way. 
No  one  state  could  regulate  that  matter.  If  Illinois  should  do  it, 
Indiana  and  Ohio  and  other  states  would  compete  in  this  market  and 
our  mines  could  not  operate.  It  would  require  a  national  law  to  reg- 
ulate the  mining  so  that  the  present  wasteful  methods  would  be  dis- 
continued. 

I  wish  to  say  a  word  about  Mr.  Bement's  work  in  coal.  I  do  not 
believe  that  many  appreciate  the  great  value  which  his  work  has  been 
to  the  coal  interests  of  the  state.  Take,  for  instance,  those  four  maps 
he  presents,  and  which  have  appeared  in  substance  many  times  be- 
fore. Maps  are  usually  made  from  maps,  but  in  this  case  the  infor- 
mation which  is  presented  never  appeared  before  he  presented  it — 
certainly  not  with  boundaries  defined  as  he  has  defined  them.  This 
work  represents  an  immense  amount  of  labor.  Mr.  Bement  has  trav- 
eled all  over  the  state  many  times,  in  an  investigation  of  all  the  prin- 
cipal mining  districts,  and  this  paper  is  the  result  of  a  great  deal  of 
study,  much  of  the  information  never  before  having  been  published. 

Mr.  Walter  T.  Ray,  *m.w.s.ev  (U.  S.  Geological  Survey)  :  The 
substance  of  this  paper  interests  me  in  a  general  way  only,  but  I 
nevertheless  feel  that  it  is  excellent  in  quality  and  unusually  complete. 
Some  things  in  this  paper  give  me  a  "conservation"  feeling,  and  it  is 
certainly  an  important  feeling  to  have,  and  rather  popular  just  now ; 
possibly  overly  so  with  coal.  I  am  reminded  of  a  remark  of  Mr.  W. 
L.  Abbott  that  it  would  be  far  better  for  the  world  if  every  ton  of  coal 
were  out  of  the  ground  and  burned,  because  carbon  is  worth  more  in 
cellulose  (lumber)  than  in  coal;  he  said  perhaps  the  law  should  com- 
pel every  mine  operator  to  set  fire  to  worked-out  mines  after  estab- 
lishing proper  precautions,  so  our  descendants  could  get  in  the  form 
of  vegetation  the  third  of  the  coal  now  left  in  the  ground.  I  think 
the  deplorable  feature  of  much  past  mining  has  been  such  a  proced- 
ure as  left  not  only  a  third  of  the  worked  vein  in  the  mine,  but,  worse 
yet,  disjointed  and  ruined  almost  past  profitable  recovery  some  thin 
seams  above.  Such  thin  seams  are  thus  rendered  largely  incapable 
of  being  burned  out  by  Mr.  Abbott's  method. 

*The  present  discussor  wishes  it  understood  that  he  presents  these  remarks 
as  a  member  of  the  Society,  and  that  his  employer,  the  United  States  Geological 
Survey,  is  in  no  wise  responsible  for  any  opinions  expressed. 
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Conservation  of  coal  is  undoubtedly  an  important  matter ;  but  after 
all  to  my  mind  the  deplorable  fact  is  that  its  approaching  exhaustion 
will  bring  on  earlier  the  time  when  an  enormous  amount  of  labor  and 
capital  must  be  forever  sunk  in  efforts  to  devise  a  substitute ;  I  be- 
lieve that  the  average  man  seldom  realizes  that  the  gross  world-wide 
cost  of  finding  some  new  method  is  enormous.  Sometimes  I  cannot 
but  think  of  the  story  of  the  ancient  whale  fisher  who  had  just  towed 
to  shore  an  especially  large  whale ;  when  the  tide  receded  he  sat  upon 
his  prize  and  lamented  that  soon  the  whales  would  be  extinct,  and 
then  the  world  would  be  in  darkness ;  but,  he  said,  he  had  a  family  to 
support  and  he  hoped  by  the  time  no  more  whale  oil  was  obtainable 
his  descendants  would  have  grown  able  to  see  in  the  dark. 

I  put  forward  here  one  suggestion  very  tentatively  for  burning 
some  coal  left  in  mines  in  such  a  way  as  to  get  power  out  of  the  proc- 
ess. Often  it  is  extremely  difficult  to  extinguish  a  mine  fire.  This 
suggests  the  possibility  of  blowing  air  down  one  shaft  and  taking  out 
thin  producer-gas  from  another;  how  much  carbon  monoxide  there 
would  be  in  the  exit  gas  is  beyond  guessing  and  I  have  never  seen  any 
data ;  I  simply  offer  the  suggestion  as  one  worth  contemplation,  for 
burning  the  pillar  coal  out  of  worked-out  mines  in  such  a  way  as  to 
use  the  mine  as  a  huge  gas  producer.  Of  course,  careful  study  would 
have  to  be  made  of  the  roof,  walls,  etc.,  so  as  to  make  sure  that  no 
carbon  monoxide  (CO)  would  get  into  other  mines  or  into  houses 
above.  If  necessary  the  whole  mine  could  be  worked  slightly  below 
atmospheric  pressure. 

I  shall  make  no  criticism  or  additions,  but  rather  show  one  of  Mr. 
Bement's  plottings  (Fig.  3)  on  the  logarithmic  scale  vertically,  and 
add  to  it  on  the  same  chart  (my  Fig.  A)  plottings  of  the  total  number 
of  short  tons  of  bituminous  coal  mined  in  the  United  States  since 
1880,  and  of  the  total  "spot  value"  of  this  same  bituminous  coal. 
("Spot  value"  is  a  term  used  by  the  U.  S.  Geological  Survey  to  mean 
the  value  at  the  mine.) 

Possibly  some  members  will  appreciate  an  explanation  of  the  prop- 
erties of  the  logarithmic  scale.  In  my  figures  A  and  B  submitted 
herewith  the  vertical  spaces  were  taken  directly  off  a  slide  rule.  If 
the  reader  will  measure  the  distance  from  1  at  the  very  bottom  of  the 
chart  to  the  2  above  it,  he  will  find  it  exactly  the  same  as  the  distance 
from  2  to  4,  from  5  to  the  1  (10)  above,  or  from  any  3  to  the  next  6 
above.  In  this  scale  2  may  stand  for  0.2  or  2.0  or  20  or  2,000,000,  etc. 
It  will  have  been  realized  by  this  time  that  on  this  scale  equal  vertical 
rises  or  declines  represent  equal  percentage  increases  or  decreases. 

Fig.  A  gives  the  curve  of  Mr.  Bement's  Fig.  3 — that  is,  the  output 
in  millions  of  tons  of  Illinois  coal  plotted  as  curve  A.  Through  this 
jagged  line  I  have  put  a  light  dotted  straight  line ;  after  drawing  it  I 
found  on  inspection  that  it  indicated  as  nearly  as  possible  a  100  per 
cent  increase  per  decade  since  1881,  on  the  assumption  that  the 
figures  for  1881  are  incomplete.  If  the  reader  will  look  at  Mr. 
Bement's  Fig.  3  he  will  notice  a  slight  dip  beginning  in  1883  and  a 
large  dip  in  1893.    Curve  A  of  my  Fig.  A  shows  these  dips  to  have 
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been  of  equal  percentages,  and  therefore  probably  of  equal  severity. 
Mr.  Bement's  curve  shows  a  very  sharp  rise  from  '06  to  '07,  mine  only 
an  ordinary  one ;  that  is,  the  rate  of  increase  was  nothing  exceptional. 
The  reader  will  notice  the  suspiciously  low  value  of  the  Illinois 
production  for  1881,  brought  out  especially  by  the  logarithmic  plot- 
ting. When  Mr.  Bement  saw  this,  he  set  on  foot  an  independent  in- 
vestigation and  found  that  it  was  really  about  6,000,000  tons.  I  have 
shown  this  value  by  the  dotted  line ;  it  falls  quite  close  to  the  broken 
straight  line  drawn  through  the  tonnage  curve. 


short  tons  of  bituminous  coal  mined  in  the  United  States  and  the  spot 
value  of  this  same  coal,  as  stated  above.  One  is  thus  enabled  to  study 
price  changes.  Perhaps  the  fact  that  the  price  of  coal  has  increased 
more  rapidly  than  the  production  during  the  past  few  years  is  due  to 
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the  falling  value  of  gold.  The  general  trend  of  the  curve  of  the 
United  States  production  of  bituminous  coal  is  at  the  rate  of  about 
ioo  per  cent  increase  per  decade.  Both  my  figures  A  and  B  extend 
out  to  the  year  1940  so  that  readers  may  in  after  years  plot  produc- 
tions on  them.  If  the  lines  fall  the  rates  of  increase  of  production 
will  be  decreasing;  if  they  rise  the  rates  of  increase  of  production 
will  be  increasing. 

Mr.  Bement  says  that  under  present  commercial  mining  conditions 
only  16  per  cent  of  the  201  billion  tons  of  coal  are  to  be  had  from 
Illinois.  (If  I  understand  him  right  this  is  32,160,000,000  tons.) 
Curve  A  of  Fig.  A,  shows  a  100  per  cent  increase  per  decade.  How 
many  decades  will  it  take,  then,  to  exhaust  this  coal,  at  the  present 
rate  of  increase?  In  1909  the  output  will  be  about  50,000,000  tons. 
We  may  restate  a  compound  interest  formula  thus : 

Number  of  decades^  32j6o,o^,d6c--log.  50,000,000 

Log  (1  +  1.00) 

Solving  this,  we  obtain  9.3  decades,  that  is,  about  the  year  2003. 
This  is  alarming,  if  true.  Every  citizen  of  Illinois  as  well  as  of  Pitts- 
burg should  "sit  up  and  take  notice,"  and  begin  to  study  mining  and 
substitutes  for  coal.  I  wish  it  especially  understood  that  this  calcula- 
tion is  only  widely  approximate  and  subject  to  withdrawal. 

Fig.  B  is  presented  as  of  general  interest.  The  top  curve  marked 
"Pop."  is  the  population  of  the  United  States.  The  next  one,  marked 
"I.  O."  is  the  long  tons  of  iron  ore  produced  in  the  United  States. 
This  curve  is  more  alarming  to  me  than  are  the  coal  curves,  because 
coal  can  be  recovered  in  valuable  vegetation,  but  iron  rust  is  largely 
gone  forever ;  this  curves  rate  of  rise  is  also  exceptionally  rapid.  The 
curve  marked  "M.  R.  R."  is  the  total  miles  of  railroad  operated  in 
the  United  States.  The  curve  marked  "G.  T.  E."  is  the  gross  traffic 
earnings  of  all  the  railroads  of  the  United  States.  The  curve  marked 
"Mfgs."  is  the  total  value  of  all  the  manufactures  of  the  United 
States.  "Sugar"  is  the  total  pounds  of  sugar  consumed  in  the  United 
States.  "Bank  clgs."  is  for  the  whole  United  States  outside  of  New 
York  City.  "10%"  is  the  amount  of  one  dollar  at  various  times 
when  at  10%  compound  interest,  compounded  annually:  "5%"  is  the 
same  at  5%  compounded  annually. 

Dr.  I.  C.  White,  (Morgantown,  W.  Va.)  :  I  observe  that  Mr. 
Bement  has  reduced  Mr.  Campbell's  estimate  for  the  coal  in  Ill- 
inois by  approximately  40,000,000,000  tons,  and  about  the  only  criti- 
cism I  have  to  offer  is,  that  I  think  his  estimate  is  probably  still  too 
high,  since  when  more  thorough  exploitations  have  been  carried  over 
the  entire  field,  it  will  probably  be  found  that  there  are  many  areas 
where  the  thick  coal  thins  down  greatly  or  disappears  entirely,  just 
as  that  described  as  existing  in  the  vicinity  of  Streator. 

Mr.  Frank  W .  De  Wolf,  (Acting  Director,  State  Geological  Sur- 
vey, Urbana,  111.)  :  It  has  been  a  pleasure  to  read  and  listen  to  Mr. 
Bement's  paper  since  several  of  its  phases  have  been  studied  by  mem- 
bers of  the  State  Survey,  and  this  is  a  helpful  summary  of  our  exist- 
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ing  knowledge  about  Illinois  coals.  There  are  several  statements 
and  suggestions  which  I  hope  to  discuss  further  with  Mr.  Bement, 
but  which  are  not  of  sufficient  general  interest  to  be  mentioned  here, 
In  the  Geological  Survey  studies,  frequent  consultations  with  Mr. 
Bement  about  the  work  have  always  proved  helpful. 

In  referring  to  the  stratigraphy  of  the  coal  fields  a  word  of  appre- 
ciation is  due  the  pioneer  work  of  A.  H.  Worthen,  the  former  State 
Geologist.  Although,  as  Mr.  Bement  has  remarked,  Worthen  did 
not  contribute  as  much  information  of  a  practical  kind  as  might  be 
expected,  yet  the  fundamental  work  accomplished  doubtless  laid 
the  foundation  for  much  that  has  been  done  by  Geologists  and  En- 
gineers since  his  time.  The  division  of  the  Coal  Measures  into  two 
formations  along  the  line  of  the  Carlinville  limestone  has  since  proved 
unfortunate  because  that  limestone  itself,  is  traced  only  with  great 
difficulty  and  accurate  mapping  of  the  two  formations  is  therefore 
nearly  impossible ;  in  addition,  this  classification  places  in  the  Lower 
Coal  Measures  the  basal  sandstones  which  differ  greatly  from  the 
productive  Coal  Measures  just  overlying.  A  more  natural  arrange- 
ment, in  the  writer's  estimation,  is  that  suggested  in  a  recent  paper, 
*  in  which  the  Coal  Measures  are  divided  into  three  formations,  as 
follows : 

(i)  A  basal  portion  composed  chiefly  of  massive  sandstones  and 
barren  of  important  coals.  This  is  650  ft.  thick  in  the  southern  coun- 
ties, but  wedges  out  to  the  West  and  North. 

(2)  A  second  division  extending  from  the  floor  of  coal  No.  2  to 
the  roof  of  the  blue  band  coal,  locally  called  No.  6  or  7.  This  divi- 
sion includes  all  our  important  coal  and  it  varies  from  200  to  300  feet 
or  more  in  thickness. 

(3)  The  third  and  topmost  division  contains  no  important  coals 
and  is  dominated  by  shales  and  other  beds  which  are  traced  with  diffi- 
culty. This  formation  in  its  greatest  development  is  1,200  ft.  or  more 
in  thickness. 

Mr.  Bement  has  presented  notes  on  each  of  the  important  coals  and 
has  mentioned  some  of  the  doubtful  correlations.  Recent  work  of 
the  Survey  has  shown  that  the  coals  below  No.  2  are  somewhat 
pockety  in  their  distribution,  but  that  beginning  with  No.  2  and  ex- 
tending upward  they  are  much  more  regular.  The  No.  2  of  the  La 
Salle  region  exists  in  the  western  counties  also  and  is  traceable  to 
Murphysboro  on  the  south.  This  correlation,  by  the  way,  was  sug- 
gested in  the  old  Worthen  reports  and  has  recently  been  verified. 
Coal  No.  5  is  one  bed  in  Sangamon,  Logan,  Fulton  and  Peoria  coun- 
ties. Its  correlation  with  Saline  county  No.  5  has  not  yet  been  defi- 
nitely established.  The  No.  6  seam  of  Henry,  Stark  and  other  north- 
ern counties  is  regarded  by  members  of  the  Survey  as  identical  with 


The  coal  resources  of  Illinois  by  Frank  W.  DeWolf.    Transactions  of  the 
American  Institute  of  Mining  Engineers,  Volume  39,  page  1103. 
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the  seam  which  extends  from  Chatham  southward  through  the  Vir- 
den  Mt.  Olive  and  Belleville  districts  to  Duquoin,  and  eastward  into 
Williamson,  Franklin  and  Saline  counties,  where  it  has  formerly  been 
known  as  No.  7.  This  correlation  is  based  on  several  lines  of  evi- 
dence. The  coal  along  this  entire  extent  has  a  tendency  to  show  a 
blue  band  of  shale  or  sulphur  from  one  to  two  feet  above  the  floor. 
It  also  is  characterized  by  a  limestone  roof  rock  which  carries  a 
minute  fossil  Fusilina,  resembling  a  wheat  grain,  and  so  far  as 
known,  limited  to  this  particular  horizon.  With  reference  to  the  Du- 
quoin area,  where  there  has  long  been  uncertainty  about  the  relations 
of  the  coals :  A  large  collection  of  drill  records  now  being  studied  by 
the  Survey,  traces  the  coal,  step  by  step  from  the  western  part  of  Du- 
quoin eastward  and  South  into  Franklin,  Williamson  and  Saline  coun- 
ties. I  regret  that  some  of  these  logs  are  now  away  from  the  office, 
and  that  it  is  not  practicable  to  present  them  here.  Another  region, 
where  the  correlation  has  long  been  uncertain,  is  the  Danville-Grape 
Creek  area.  Fossils  identified  during  the  past  season  by  Mr.  David 
White  indicate  that  the  Grape  Creek,  or  No.  6,  is  identical  with  the 
No.  6  seam  of  southern  and  western  counties,  and  that  the  Danville, 
or  No.  7,  may  be  the  same  as  a  coal  in  Peoria  county,  which  is  locally 
known  by  the  same  number. 
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Mr.  Bement's  deductions  about  the  coal  resources  of  the  State  and 
the  available  tonnage  are  especially  interesting  to  me.  Estimates  of 
the  original  quantity  of  coal  are  always  to  be  regarded  as  extremely 
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uncertain,  and  it  would  seem  desirable  that  they  should  be  conserva- 
tive rather  than  otherwise.  In  the  figures  previously  published  by 
Mr.  R.  Campbell,  and  those  by  the  writer,  the  computation  has  been 
on  a  different  basis  from  that  used  by  Mr.  Bement,  and  in  part  this 
explains  the  wide  latitude  in  the  estimates.  Mr.  Campbell's  figures 
include  coal  measuring  20  inches  and  over ;  those  by  the  writer  in- 
clude coals  24  inches  and  more ;  while  Mr.  Bement's  estimate  in- 
cludes all  coals  measuring  over  12  inches. 

In  discussing  the  thick  and  thin  seams  of  the  State,  Mr.  Bement 
has  shown  clearly  the  migration  of  the  center  of  production  into  the 
region  of  thick  coals  and  has  implied  that  the  coal  wealth  of  the 
State  is  practically  confined  to  the  thick  deposits,  for  he  says  that: 

"The  25%  of  coal  produced  from  the  thin  and  medium  thick  seams  is 
shipped  away  and  the  State  is  dependent  upon  the  product  from  the 
thick  seams  ...  or  about  16%  of  the  original  coal."  He  sug- 
gests that  the  medium  and  thin  coal  is  unsuited  for  use  and  undesir- 
able under  present  conditions.  According  to  map  No.  2,  this  would 
place  the  coals  of  the  Grape  Creek  and  of  Peoria,  Fulton,  and  Mc- 
Lean counties  in  the  undesirable  class.  It  occurs  to  me  this  is  a  mis- 
take for  the  thin  and  medium  coals  which  are  shipped  out  of  the 
State  are  nevertheless  mined  at  a  profit  and  are  a  source  of  wealth 
to  the  State.  If  Mr.  Bement  would  exclude  them  merely  because 
they  are  shipped  away,  he  should  also  exclude  the  thick  seams  tribu- 
tary to  Saint  Louis  which  annually  send  to  that  market,  6,000,000  or 
more  tons ;  and  he  should  include  likewise  in  the  coal  resources  of 
the  State  some  consideration  for  coals  of  neighboring  States,  like 
Indiana,  which  are  shipped  into  the  Chicago  market  to  the  extent  of 
3,000,000  tons  or  more  annually.  I  think  we  really  should  include 
the  medium  and  thin  seams  in  our  estimate  of  coal  resources,  because 
to  a  great  extent  these  will  remain  in  reserve  for  the  time  when  the 
thicker  seams  have  been  exhausted.  It  is  possible  that  with  a  slight 
change  in  our  mining  laws  requiring  all  of  the  coal  to  be  taken  out  of 
the  ground  that  the  center  of  production  might  show  a  tendency  to 
return  to  those  fields  which  are  closer  to  the  big  markets,  because 
doubtless  the  waste  of  thick  coal  in  the  southern  field  is  one  of  the 
factors  which  permits  cheap  production. 

Doubtless  some  of  the  other  gentlemen  present  will  discuss  Mr. 
Bement's  coal  analyses.  They  certainly  indicate  clearly  the  im- 
portant features  of  the  different  coal  fields.  It  has  occurred  to  me 
that  it  would  be  interesting  to  compare  with  these  analyses  one  from 
Shelby  county  from  a  seam  known  as  No.  14,  in  the  report  of  the 
State  Inspector.  This  shows  in  the  dry  coal, — ash  7.85  and  B.  t.  u. 
13,234.  It  has  a  high  reputation  locally,  displacing  other  coals  in  the 
home  market.  This  and  one  or  two  other  cases  might  be  mentioned 
to  show  that  there  are  exceptions  to  Mr.  Bement's  rule  that  in  gen- 
eral lower  coals  are  better  than  the  higher  seams.  It  has  been  sug- 
gested that  the  analyses  of  coal  in  the  southern  counties  might  have 
some  bearing  on  the  correlation  studies  of  coals  Nos.  6  and  7.    I  do 
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not  know  how  the  analyses  may  be  interpreted  but  a  number  of 
analyses  of  face  samples  of  this  seam  are  presented  in  the  preceding 
table  X.  (See  page  341). 

Group  (A)  includes  various  mines  from  Coulterville,  in  Ran- 
dolph county,  to  Duquoin,  along  the  Illinois  Central  R.  R. 

Group  (B)  includes  mines  on  the  east  side  of  Duquoin  and  reach- 
ing into  Franklin  county. 

Group  (C)  represents  the  same  seam  in  the  adjoining  part  of 
Jackson  county. 

Group   (D)   in  the  adjoining  corner  of  Williamson  county. 

Mr.  E.  E.  R.  Tratman,  m.w.s.e.  :  This  paper  is  an  interesting 
and  valuable  presentation  of  the  coal  resources  and  coal  production 
of  the  State  and  there  are  two  particular  suggestions  which  occur  to 
me.  In  the  first  place,  reference  is  made  to  the  fact  that  only  a  small 
percentage  of  the  total  amount  of  coal  is  commercially  available  un- 
der present  conditions,  and  it  is  stated  that  while  the  coal  remaining 
is  about  99^2%  of  the  original  total  supply,  the  really  desirable  por- 
tion is  only  16%  of  the  original  total.  It  seems  probable,  however, 
that  with  the  conditions  of  increasing  demand  and  decreasing  sup- 
ply, there  will  be  a  development  in  methods  for  obtaining  and  utiliz- 
ing economically  the  inferior  grades  of  coal  and  the  less  accessible 
coal  beds.  In  the  old  days  of  the  Pennsylvania  anthracite  mining, 
the  smaller  sizes  went  to  the  dump  as  waste  because  there  was  no 
known  method  of  consuming  it  commercially,  but  with  the  develop- 
ment of  special  furnace  construction,  the  old  waste  banks  or  culm 
banks  become  available  as  a  supply  of  commercial  fuel.  The  same 
has  held  good  in  many  other  mining  cases.  Thus  in  the  gold  fields, 
the  first  workers  took  only  what  was  of  greatest  value  and  most 
easily  obtainable.  Their  refuse  and  waste  was  afterwards  worked 
over  by  other  more  careful  miners,  and  eventually  the  Chinaman 
washed  the  tailings  of  the  tailings  and  made  a  good  picking  from  his 
work.  So  when  the  best  and  most  available  coals  of  Illinois  begin  to 
disappear,  there  will  undoubtedly  develop  methods  for  obtaining  and 
consuming  the  inferior  grades  and  the  less  accessible  beds. 

The  references  made  by  Mr.  Bement  to  the  methods  of  mining 
employed,  suggests  to  me  that  it  would  be  to  the  interest  of  the 
Society  to  follow  this  paper  with  one  on  Coal  Mining  in  Illinois,  its 
Methods  and  Machinery.  These  two  papers  would  then  form  a  most 
valuable  treatise  on  the  coal  resources  of  Illinois,  and  their  working, 
while  we  already  have  in  the  bulletins  of  the  State  University  very 
valuable  information  as  to  the  chemical  analyses  and  the  availability 
for  various  purposes  of  the  different  grades  of  Illinois  coal. 

Mr.  George  S.  Rice,  m.w.s.e.  (U.  S.  Geological  Survey.)  :  I  am 
inclined  to  think  that  Mr.  Bement  has  been  ultra-conservative  in  his 
estimates,  in  showing  so  small  an  area  of  coal  adaptable  for  compe- 
tition, as  only  one-half  of  one  per  cent.  The  term,  competitive,  is 
of  course,  subject  to  wide  variations  according  to  financial  condi- 
tions, but  allowing  for  the  unusual  over  production  of  the  last  few 
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years,  which  naturally  affected  the  price,  I  believe  it  will  be  found 
that  there  is  a  very  much  larger  percentage  of  the  area  available  com- 
petitively even  under  present  general  conditions  than  indicated. 

I  am  glad  to  note  that  Mr.  Bement  calls  attention  to  the  reckless 
use  of  explosives  in  mines  of  Franklin  county.  I  think  in  this  he 
might  include  some  of  the  adjacent  counties.  Even  after  using  un- 
dercutting machinery,  the  drill  holes  are  frequently  so  placed  that 
they  are  nearly  equivalent  to  shooting  "off  the  solid." 

Regarding  Mr.  Bement's  discussion  of  the  relation  of  the  No.  6 
seam  with  the  so-called  No.  7  seam,  from  such  information  as  I  have, 
I  agree  with  Dr.  Bain  and  Mr.  De  Wolff  of  the  Illinois  Geological 
Survey  that  it  is  one  and  the  same  seam,  characterized  as  Mr.  Be- 
ment mentions,  by  a  shale  of  clay  parting  varying  from  a  knife  edge 
to  four  inches  in  thickness,  and  located  from  one  to  three  feet  above 
the  floor,  proportionate  to  the  thickness  of  the  seam.  This  "blue 
band"  can  be  found  from  the  Cherry  Mine  in  the  extreme  northern 
part  of  the  coal  field  and  where  the  seam  is  four  to  six  feet  thick  to 
the  extreme  southern  part  of  the  Illinois  coal  field  where  the  coal  is 
from  seven  to  nine  feet  thick.  It  also  shows  south  of  the  Ohio  River 
in  the  so-called  No.  11  coal  of  western  Kentucky.  The  relation  of 
the  No.  5  seam  (Illinois)  to  the  No.  6  or  "blue  band"  seam  is  an 
interesting  one.  Considering  the  enormous  area  covered,  the  inter- 
val is  remarkably  uniform,  varying  from  40  to  70  feet. 

A  point  of  interest  in  No.  5  seam  is  the  almost  universal  presence 
of  "horse-backs"  and  "clay-slips,"  which  are  far  more  prevalent  than 
in  the  No.  6  seam.  The  inference  is,  that  there  must  have  been  a 
period  of  cessation  in  roof  making,  and  during  this  period,  the  No. 
5  coal  had  a  very  shallow  cover;  hence  was  subjected  to  surface  in- 
fluences. 

Mr.  Bement  speaks  of  the  well  known  anticlinal  fold  which  ex- 
tends from  Wisconsin,  southeasterly  through  La  Salle  to  the  oil 
fields  in  southeastern  Illinois.  It  is  a  fact  not  generally  known  that 
there  is  a  small  parallel  fold  a  little  to  the  west  of  Depue  on  the  Illi- 
nois River  and  which  runs  parallel  with  the  main  fold.  I  traced  the 
same  for  a  distance  of  ten  or  fifteen  miles.  This  does  not  show  on 
the  surface  as  the  coal  measures  are  deeply  covered  by  an  irregular 
thickness  of  glacial  drift. 

In  this  section  of  the  northern  field,  it  is  interesting  to  note  that 
the  pre-glacial  surface  topography  in  the  vicinity  of  the  Illinois 
River  was  even  more  rugged  than  that  of  the  present  day  topog- 
raphy. 

Mr.  I  sham  Randolph,  m.w.s.e.  :  I  have  read  with  interest  and 
profit  the  paper  of  our  fellow  member,  Mr.  A.  Bement,  on  the  "Illi- 
nois Coal  Fields,"  and  I  regret  that  I  cannot  be  among  those  who  will 
hear  him  deliver  it,  that  I  might  still  further  profit  by  hearing  his 
answers  to  the  many  questions  that  I  feel  sure,  will  be  asked  of  him. 

This  paper  has  especial  value  to  me  because  it  deals  with  ques- 
tions that  are  most  pertinent  to  the  work  of  the  men  upon  whom  has 
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been  imposed  the  duty  of  studying  the  natural  resources  of  our  State 
and  making'  such  recommendations  for  the  conservation  of  those 
resources  as  shall  seem  to  them  wise  after  having  made  use  of  the 
best  information  made  available  by  the  intelligent  research  of  men 
like  Mr.  Bement. 

Just  now  I  am  wrestling  with  the  waterway  and  water  power 
resources  of  the  State,  trying  to  secure  their  conservation  for  our 
whole  people  and  my  post  of  duty  is  at  Springfield. 

Mr.  Chas.  A.  Lind,  (Fuel  Agent  Commonwealth  Edison  Co.)  : 
I  regret  my  inability  to  present  any  discussion,  but  I  can  say  some- 
thing relative  to  the  value  of  Mr.  Bement's  work,  and  wish  to  make 
acknowledgment  to  him  for  the  assistance  his  experiments  and  re- 
searches have  been  to  me  in  my  position  as  a  coal  purchaser. 

To  him  and  to  Mr.  W.  L.  Abbott,  more  than  anyone  else,  I  think 
is  due  our  knowledge  of  the  Illinois  coal  field  and  problems  in  gen- 
eral connected  with  the  use  of  fuel.  It  is  the  work  of  these  two  men 
that  gave  the  impetus  to  investigations  concerning  the  use  of  fuels 
which  have  led  to  such  work  being  taken  up  by  a  larger  number  of 
chemists,  engineers  and  others. 

Mr.  S.  W .  Parr,  (Professor  of  Applied  Chemistry,  University  of 
Illinois)  :  I  have  read  with  much  pleasure  the  advance  copy  of  Mr. 
Bement's  paper  on  the  Illinois  Coal  Field.  This  is  a  valuable  contri- 
bution to  our  knowledge  of  the  Illinois  coal  deposits,  and  has  a  very 
vital  bearing  upon  the  question  of  the  conservation  of  this  most  im- 
portant of  our  natural  resources. 

Mr.  R.  Y.  Williams,  (Mining  Engineer,  U.  S.  Geological  Sur- 
vey) :  In  the  work  assigned  to  me  by  the  United  States  Geological 
Survey  in  the  operation  of  their  Branch  Station  at  Urbana,  Illinois, 
an  investigation  is  being  made  into  those  phases  of  the  coal  mining 
industry  which  have  been  leading  toward  greater  hazards  to  life  and 
property,  and  which  have  also  resulted,  more  in  the  past  than  in  the 
present,  in  the  employment  of  wasteful  methods  of  mining.  Mr. 
Bement's  paper  is  therefore  very  valuable  to  me  as  a  summary,  both 
of  the  past  history  and  the  present  status  of  the  several  Illinois  coal 
fields. 

The  figures  showing  the  increase  in  the  use  of  powder  is  an  im- 
portant one,  believing  as  we  do  that  reckless  use  of  powder  is  in  a 
very  large  measure  responsible  for  the  great  number  of  fatalities  in 
the  present  method  of  mining.  The  logarithmic  curve  applied  to 
powder  consumption  per  ton  of  coal  produced  would  probably  show 
an  increase  at  an  increasing  rate,  while  as  Mr.  Ray  shows,  coal  is  in- 
creasing at  a  constant  rate. 

An  interesting  fact  is  brought  out  by  the  statement  that  the  Poca- 
hontas coal  when  arriving  in  Chicago  carries  over  8%  ash.  The 
West  Virginia  Geological  Survey  claims  from  face  samples  SlA7o 
ash  as  the  average  of  ten  samples  of  the  Pocahontas  No.  4  seam,  and 
SJ/2%  ash  as  the  average  of  thirty-eight  samples  of  the  Pocahontas 
No.  3  seam.  Here  is  a  difference  of  at  least  33%  between  the  two 
methods  of  sampling  in  arriving  at  the  ash  contents. 
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The  figures  of  57%  is  interesting.  Last  month  I  examined  several 
mines  in  the  Grape  Creek  district  and  was  led  to  decide  upon  57% 
as  the  number  representing  the  percentage  of  recovery. 

These  figures  on  mining  waste  are  difficult  of  ascertainment.  As  a 
rule  the  operator's  statement  of  recovery  is  liable  to  be  high ;  and  to 
obtain  a  reliable  estimate  the  figures  must  be  obtained  first  hand.  An 
operator  mining  on  the  room  and  pillar  system  with  rooms  24  ft. 
wide  and  room  pillars  8  ft.  wide  will  say  that  he  is  obtaining  75% 
of  the  seam.  However,  careful  figuring  shows  that  the  theoretically 
largest  amount  possible  is  only  57%.  As  this  special  practice  is 
particularly  unsuited  to  the  field  where  used,  the  final  yield  is  only 
40%,  due  to  squeezes,  etc.,  which  the  system  invites;  still  the  oper- 
ator believes  he  is  honest  when  he  claims  a  recovery  of  75%. 

The  preparation  and  discussion  of  papers  such  as  Mr.  Bement's ; 
the  holding  of  such  gatherings  as  the  Illinois  Fuel  Conference  at 
Urbana,  111.,  March  nth  to  13th;  the  meeting  together  of  mine  in- 
spectors and  operators  such  as  took  place  at  Springfield,  111.,  April 
ist ;  and  the  agitation  that  is  being  made  to  have  a  Mining  Engineer- 
ing course  included  at  the  State  University,  show  plainly  that  Illinois 
has  awakened  to  a  general  desire  for  safer  and  saner  conditions  in  its 
fuel  industry. 

Mr.  E.  H.  Taylor:  We  are  certainly  indebted  to  Mr.  Bement  for 
the  care  he  has  taken  in  gathering  together  the  data  presented  in 
this  paper.  I  have  read  the  paper  over  carefully  and  find  that  all  of 
the  statements  contained  therein  with  which  I  am  familiar,  check 
with  the  information  that  I  have  gathered  in  my  personal  work  dur- 
ing the  past  four  years,  with  possibly  a  few  exceptions.  It  might 
be  well  to  call  attention  to  these  exceptions.  I  think  that  Mr.  Bement 
has  placed  too  high  a  value  upon  Saline  county  coal,  although  the 
coal  from  this  field  is  certainly  entitled  to  a  great  deal  of  prominence 
owing  to  its  very  good  quality.  Nothing  that  I  have  seen  indicates 
that  it  is  five  per  cent  better  than  Hocking  Valley.  The  calorific 
value  of  the  seam  sample  of  Saline  county  coal  as  shown  in  table  8, 
is  13,882.  This,  I  believe,  is  approximately  175  or  200  B.  t.  u.  high- 
er than  it  should  be.  At  present  my  office  has  occasion  to  sample  and 
analyze  from  ten  to  fifteen  cars  of  Saline  county  coal  every  day.  This 
coal  comes  from  a  number  of  different  mines  and  of  late  I  have  been 
segregating  the  same  so  I  could  get  definite  data  upon  each  of  the 
various  mines.  In  no  instance,  however,  have  I  found  coal  of  as 
high  calorific  value  as  Mr.  Bement  reports.  The  ash  in  the  seam 
samples,  7.75%,  strikes  me  as  being  rather  low.  At  least,  not  a  fair 
average  for  the  entire  county,  although  possibly  correct  for  some 
particular  mine.  There  is  considerable  difference  in  the  ash  content 
in  the  various  mines  of  Saline  county;  in  the  slack  coal  which  we 
receive,  the  same  varies  from  13%  to  18%  in  ash.  This  difference  is 
not  entirely  due  to  roof  and  bottom,  but  to  the  seam  itself.  The 
moisture  determination  in  this  seam  sample,  is  about  correct  as  an 
average  for  the  county,  although  some  of  the  mines  have  a  seam 
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moisture  of  as  low  as  4%.  The  data  given  in  table  8,  No.  2  seam, 
from  the  Wilmington  field,  with  which  I  am  quite  familiar,  is  about 
300  B.  t.  u.  lower  in  calorific  value  than  the  figures  which  I  have  ob- 
tained. We  are  receiving  coal  from  this  field  every  day  and  our 
analyses  cover  a  period  of  over  two  years.  The  B.  t.  u.  determina- 
tion calculated  at  5.87%  of  ash  would  be  13,616  instead  of  13,367. 
This  calculation  is  taken  from  the  tables  which  we  have  compiled  on 
the  coal  in  the  various  counties.  These  tables  were  made  by  taking 
a  10  lb.  sample  of  screenings,  just  as  the  same  comes  from  the  mine. 
These  samples  are  separated  into  two  parts,  one  containing  the  clean 
nut  coal  which  would  represent  the  lump  as  coming  from  the  mine  and 
for  convenience  called  (A)  coal,  and  the  remainder  containing  all 
of  the  fine  coal  and  dirt  which  would  represent  the  dirtiest  screenings 
which  the  mine  would  ordinarily  produce,  called  for  convenience 
(F)  coal.  Upon  these  two  samples,  calorific,  ash  and  sulphur,  deter- 
minations are  made.  Then,  by  mixing  the  A  and  F  together  in  vary- 
ing proportions  samples  are  produced  with  varying  degrees  of  ash, 
in  every  case  making  at  least  four  of  these  mixtures.  Ash  and  calor- 
ific determinations  are  then  made  upon  these  four  samples  so  mixed, 
making  with  the  two  original  samples,  six  in  number,  then  we  plotted 
the  ash  against  the  B.  t.  u.  We  find  in  every  case  that  the  curve  is 
a  straight  line  and  that  the  B.  t.  u.  decreases  a  certain  fixed  amount 
for  each  per  cent  of  increase  in  ash.  This  definite  number  of  B.  t.  u., 
however,  varies  with  the  various  coals,  fluctuating  from  150  B.  t.  u. 
in  some,  to  175  in  others.  These  tables  have  been  made  upon  each 
of  the  principal  mines  in  the  various  counties  of  the  State.  Against 
these  tables  we  check  all  of  the  determinations  which  are  made  each 
day  in  our  laboratory.  Whenever  we  find  the  "Mahler"  determina- 
tions do  not  check  within  50  B.  t.  u.  of  the  table  on  the  coal  it  is  sup- 
posed to  be,  we  run  an  additional  Mahler  test.  If  the  second  Mahler 
test  checks  with  the  first,  we  then  suspect  that  the  coal  we  are  analyz- 
ing is  not  the  coal  it  is  reported  to  be.  We  then  check  the  two  deter- 
minations made  on  the  Mahler  with  other  tables  and  endeavor  to 
locate  the  kind  of  coal  the  sample  is  composed  of.  This  we  have 
found  to  be  the  best  way  of  identifying  various  coals.  I  have  com- 
pared all  of  the  calorific  determinations  in  table  8  with  our  tables 
upon  these  various  counties.  The  results,  I  believe,  will  be  interest- 
ing !  Commercial 

Testing&Eng.  Co. 
Mr.  Bement's      Laboratory  Tables 
Table  No.  8  B.  t.  u.  dry 

B.  t.  u.  dry  with  same  Ash 

Seam  No.  i     13473  13^68 

Seam  No.  2  Wilmington    13,367  13.616 

Seam  No.  2  Northern    12,983  12,963 

Seam  No.  5  Springfield    12,583  12,504 

Seam  No.  5  Peoria  and  Fulton 12,166  12,181 

Seam  No.  5  Saline    I3>882  I3>701 

Seam  No.  6  All  fields 12,584  12,546 

Seam  No.  7  Williamson  and  Franklin   12,737  12,788 
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Table  I. 
U.  5.  G.  J.   Steaming    Test 3 
With  Illinois    Coal 
Arranged  With  Relation   to  Counties 


County 

/Yo.  or 
Tests 

AvEHRGED 

Moistuae 

Ash 

B.t.co. 
"Pert  Lb.  or 
Hay  Coal. 

EFFICIENCY 
Ov£f\-ALL 

Teh  Cent 

T*et\  Cent  or 
Coal    as  rtneo 

La  Salle: 

+ 

/3.6l 

7*+f 

13  2.32. 

63.26 

Logan 

2 

/H.b'Z 

/2  60 

/2  l*+5 

6o.6d 

Sangamon 

s 

f^.38 

/2.8/ 

IS  082. 

6/.7S 

MONTGOMERY 
HNS>    /VtACOUT>/N 

IS 

/S.73 

11.68 

/2  265 

56.S9 

Madison 

22 

13.0/ 

13.09 

/2  O87 

62.02 

Clinton 

HMD    MAA.ION 

a 

if  .92 

*Z.7S 

/222? 

60.12 

ST   CLAIR 

s 

11.03 

11.13 

12  +6J 

62MI 

Franklin 

23 

10.53 

10.22 

/2  931 

6  3.99- 

Williamson 
and  Saline 

2-7 

7.9  0 

11.93 

12  6*2 

61.67 

Table  I. — Discussed  by  L.  P.  Breckenridge,  p.  356. 

There  is  one  statement  I  wish  to  make  regarding  the  tables  we  have 
made  on  coal  from  various  mines  in  the  state.  I  find  that  the  same 
check  very  closely  with  our  regular  Laboratory  determinations.  We 
have  made  tables  upon  some  mines  each  year  and  find  that  they 
check  remarkably  well.  For  instance,  in  the  No.  5  seam,  in  the 
Springfield  field,  we  have  made  three  tables  upon  one  mine  and  find 
that  the  variations  in  calorific  value  covering  a  period  of  three  years, 
at  15%  ash,  amounts  to  only  20  B.  t.  u.,  showing  that  the  coal  in  that 
area  remains  practically  the  same  in  calorific  value.  We  have  tried 
the  same  experiment  in  several  of  the  different  fields  and  it  checks 
out  the  same  way  each  time.  Recently,  Mr.  Carl  Scholz,  President 
of  the  Coal  Valley  Mining  Co.,  sent  us  samples  of  coal  which  his 
company  is  delivering  to  the  Rock  Island  Arsenal.  These  samples 
were  to  be  analyzed  and  checked  against  samples  to  be  analyzed  by 
the  United  States  Government,  the  coal  being  sold  upon  heat  value 
basis.  The  determinations  varied  considerably  in  ash  and  B.  t.  u. 
Not  having  definite  data  on  the  coal  in  Mercer  county,  I  plotted  the 
same  and  found  that  the  calorific  determinations  were  very  irregular 
— that  it  would  be  impossible  to  draw  a  straight  line  through  them. 
I  asked  Mr.  Scholz  for  further  information  on  the  subject,  and  he 
turned  over  to  me  some  twenty-five  analyses  made  by  the  United 
States  Government.  Upon  plotting  these  analyses,  I  found  that  only 
five  of  them  ran  on  a  straight  line  and  that  the  other  twenty  were 
badly  scattered.     These  five,  however,  were  all  in  one  month — the 
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Fig.  1. — Discussion  by  L.  P.  Breckenridge,  p.  356. 

month  of  December,  the  per  cent  of  ash  in  these  samples  varied  from 
10%  to  17%.  I  took  the  subject  up  with  Mr.  Scholz  and  found  that 
the  coal  represented  by  these  five  analyses  was  from  the  old  Cable 
mine  which  was  about  to  be  abandoned,  and  was  pillar  coal  and  had 
been  exposed  a  long  time.  I  also  found  that  the  remaining  twenty 
analyses  were  on  coal  loaded  from  the  Sherrard  mine  and  that  pro- 
bably the  reason  for  the  calorific  value  varying  so  greatly  was  due 
to  the  fact  that  they  were  mining  fresh  coal  in  one  entry  and  pulling 
pillars  which  had  been  exposed  for  a  number  of  years  in  another 
entry,  the  pillar  coal  being  much  lower  in  calorific  value. 

Referring  again  to  table  8,  I  would  suggest  that  an  additional 
column  be  added,  headed  "Sulphur,"  believing  that  the  sulphur  con- 
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STEAMING,   TESTS        ILLINOIS    COAL 
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Fig.  2.— Discussion  by  L.  P.  Breckenridge,  p.  356. 
tent  of  the  various  seams  in  Illinois  is  fairly  constant.  The  first  time 
I  made  this  statement  I  was  taken  to  task  for  it,  on  the  grounds 
that  it  was  impossible  to  take  an  average  seam  sample.  This  1  will 
admit  is  true  as  the  sulphur  in  nearly  all  of  the  mines  in  Illinois  varies 
with  each  foot  of  the  face  exposed.  It  would  be  impossible  to  cut 
a  sample  from  the  seam  in  any  mine  which  would  be  representative 
of  the  entire  seam.  The  characteristic  sulphurs  _  on  the  seam 
which  I  propose,  however,  were  not  obtained  in  this  manner,  but 
have  been  obtained  in  our  regular  work  from  mine  run  shipments, 
which  in  my  opinion  represents  the  sulphur  in  the  seam.  We  all 
know  that  it  is  impossible  for  sulphur  other  than  that  which  is  in 
the  seam  to  get  into  the  coal  as  mined,  the  mining  conditions  being 
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Fig.  3- — Discussion  by  L.  P.  Breckenridge,  p.  356. 

different  from  those  regarding  ash,  which,  of  course,  may  come 
from  the  top  or  bottom,  as  well  as  the  face  of  the  seam. 

The  sulphur  contents  of  the  seam  are  as  follows : 

Sulphur  % 

Seam  No.  1    6.14 

Seam  No.  2  Wilmington   2.35 

Seam  No.  2  Northern    2.56 

Seam  No.  5  Springfield 4-°9 

Seam  No.  5  Peoria  and  Fulton 446 

Seam  No.  q  Saline   2.54 

Seam  No.  6  All  fields 5-68 

Seam  No.  7  Williamson  and  Franklin 2.65 
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Fig.  4. — Discussion  by  L.  P.  Breckenridge,  p.  356. 

Referring  again  to  the  table  work  which  we  have  done  on  Illinois 
coal,  I  wish  to  call  attention  to  one  very  interesting  fact  which  we 
have  noted  regarding  the  sulphur  determinations. 

In  some  tables,  the  sulphur  in  the  A  and  F  coal  are  the  same, 
while  in  other  tables  the  A  and  F  coal  differ  greatly.  For  instance, 
in  Perry  county,  the  Majestic  mine,  we  find  the  sulphur  in  the  A  coal 
is  0.84  and  the  F  coal  0.93,  while  the  White  Walnut  mine  at  Pinck- 
neyville,  the  same  county,  although  a  different  seam  varies  as  fol- 
lows : 
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Table     Jf 
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Table  II. — Discussion  by  L.  P.  Breckenridge,  p.  357. 

Sulphur  in  A  coal  2.53. 

Sulphur  in  F  coal  4.49. 

From  these  figures,  it  is  apparent  that  the  sulphur  in  the  Majestic 
mine  is  inherent  in  the  coal,  while  the  sulphur  in  the  White  Walnut 
mine  is,  to  quite  an  extent,  extraneous  matter,  and  can  be  separated 
from  the  coal. 

Referring  to  Mr.  Bement's  Map  No.  3,  I  believe  it  will  be  of  inter- 
est to  give  the  calorific  value  for  each  of  the  14  different  fields  he 
calls  attention  to,  as  I  have  noted  them. 

This  calorific  value  is  based  in  each  case  on  the  same  per  cent  of 
dry  ash  in  the  coal,  which  is  10%. 
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Fig.  5. — Discussion  by  L.  P.  Breckenridge,  p. 


No.     I   Rock  Island    

No.     2  Northern   

No.     3  Wilmington 

No.     4  Peoria  and  Fulton 

No.     5  Grape  Creek 

No.     6  Springfield    

No.     7  Virden    

No.     8  Pana    

No.     9  Central  Illinois 

No.   10  Centralia    

No.   1 1   Duquoin    

No.  12  Williamson  and  Franklin 

No.  13  Big  Muddy 

No.   14  Saline    
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Fig.  6. — Discussion  by   L.   P.   Breckenridge. 

Prof.  L.  P.  Breckenridge,  m.w.s.e.,  (University  of  Illinois.)  : 
This  paper  upon  the  Illinois  coal  field,  presents  a  very  great  deal  of 
up-to-date  information  concerning  this  most  important  phase  of  the 
producing  and  manufacturing  interests  of  the  state.  The  Society  is 
to  be  congratulated  upon  its  ability  to  include  in  its  transactions  just 
at  this  time,  so  comprehensive  a  statement  and  so  much  useful  in- 
formation concerning  the  coal  industry  of  the  State  of  Illinois. 

A  statement  made  upon  page  319  was  found  most  interesting. 
This  reads  as  follows : 

"As  a  general  proposition  in  Illinois,  the  quality  of  coal  seams 
increase  with  depth,  the  lower  ones  being  superior  to  the  upper. 
There  is  also  an  increase  in  quality  from  the  North  to  the  South, 
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Fig.  7. — Discussion  by  L.  P.  Breckenridge. 

the  beds  in  the  southern  part  of  the  state  being  superior,  as  a 
general  proposition,  to  those  in  the  North ;  this  is  particularly 
true  of  the  heating  power  content." 

With  relation  to  this  statement  I  have  extracted  from  the  U.  S. 
G.  S.  bulletins  certain  information  relative  to  steaming  tests  made 
upon  Illinois  coal,  which  is  tabulated  in  Tables  I  and  II. 
*  Table  I  presents  information  relative  to  the  moisture  and  ash  con- 
tents of  the  coal,  heat  content  and  overall  efficiency  as  obtained  by 
steaming  tests,  all  shown  as  arranged  by  counties.  In  all,  III  tests 
have  been  so  arranged.  The  same  information  is  shown  graphically 
in  Fig.  1,  2,  3  and  4,  the  various  values  tabulated  being  plotted  as 
ordinates  to  a  base  line  which  is  a  North  and  South  line  through  the 
State.  For  the  tests  plotted  it  is  only  in  the  case  of  moisture,  Fig.  3, 
that  there  is  any  tendency  of  improvement  along  such  a  North  and 

*See  pages  348,  49,  50,  51  and  52. 

Vol.  XIV.     No.  3 


Discussion — The  Illinois  Coal  Field 
flsH       -  If**  Ce/vr    or   Coal,  as  F/steoj 


357 


Fig.  8. — Discussion  by  L.  P.  Breckenridge. 

South  line  proceeding  from  North  to  South.  Table  I  shows  the 
number  of  tests  averaged,  in  obtaining  each  of  the  eight  points 
plotted. 

Table  II  presents  the  same  information  tabulated  with  relation 
to  depth  of  mine  and  Figs.  5,  6,  7  and  8  show  this  data  graphically* 
Here  again  no  decided  tendency  is  shown  in  improvement  as  the 
depth  of  mine  increases.  The  most  complete  data  given  and  those 
most  easily  obtained  from  the  U.  S.  G.  S.  bulletins  have  been  used 
in  making  these  comparisons,  that  is  moisture  and  ash  content  of  the 
coal  as  fired  have  been  used  instead  of  similar  figures  from  mine 
samples  which  would  be  better  if  accurate  and  available. 

The  in  tests  represent  four  seams,  Nos.  2,  5,  6  and  7.  The  same 
data  as  used  in  the  other  diagrams  when  classified  and  plotted  with 
relation  to  the  number  of  the  seam  did  not  show  results  differing 

*See  pages  353,  54,  55,  56  and  57- 
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greatly  from  those  shown  and  such  classification  and  diagrams  have 
not  been  included  here.  Owing  to  the  uncertainty  as  to  the  number  of 
the  seam  worked  in  some  localities,  it  is  difficult  to  satisfactorily 
classify  with  respect  to  seam  numbers.  In  the  case  of  a  few  tests 
the  depth  of  mine  as  used  in  compiling  Table  II  was  not  known 
exactly. 

There  are  of  course  a  great  many  variables  entering  into  a  num- 
ber of  tests  such  as  those  from  which  the  data  have  been  selected. 
The  coal  graded  all  the  way  from  slack  to  run-of-mine,  including 
washed  and  raw  coals  of  various  sizes.  In  a  few  cases  the  coal  was 
burned  as  briquets. 

No  attempt  is  here  made  to  indicate  these  differences,  the  idea 
being  merely  to  see  if  a  large  number  of  analyses  and  tests  made, 
throughout,  under  practically  similar  conditions  would  show  results 
in  accordance  with  the  statement  first  quoted. 

Closure. 

Mr.  A.  Bcment,  m.w.s.e.  Mr.  Dering  and  Mr.  Abbott  have  both 
called  attention  to  the  necessity  for  Federal  regulations  controlling 
the  amount  of  coal  removed  in  mining.  It  is  a  matter  of  the  great- 
est importance  and  one  which  justifies  immediate  attention.  The 
Government,  by  ex-President  Roosevelt,  has  inaugurated  a  vigorous 
campaign  for  the  conservation  of  natural  resources,  among  which 
coal  was  given  due  prominence.  The  United  States  Geological  Sur- 
vey has  done  a  very  large  amount  of  work  having  a  direct  bearing  on 
the  conservation  of  coal  resources,  but  everything  thus  far  which  has 
been  done  would  be  a  matter  of  insignificance  compared  to  the  bene- 
fit which  would  be  derived  by  Federal  regulations  concerning  the 
percentage  of  recovery  in  mining.  The  matter  should  be  put  in  the 
hands  of  a  competent  and  independent  commission,  and  upon  its 
recommendations  necessary  legislation  should  be  enacted  and  the 
result  should  in  no  wise  be  dependent  upon  the  opinion  of  any  oper- 
ator. 

Mr.  Naylor  has  made  a  useful  suggestion,  and  I  am  glad  to 
amplify  the  matter  in  accordance  therewith,  therefore  present  the 
following  tabulation  : 


Coal  Field 

Counties 

Principai 

No.  i 

Mercer 

Sherrard 

No.  2 

La  Salle 

La  Salle 

Putnam 

Streator 

Marshall 

Woodford 

Livingston 

No.  3 

Grundy 

Coal  City 

Kankakee 

Bracevilk- 

Will 
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Coal  Fieid 

Counties 

Principal  Cr 

No.  4 

Fulton 

Peoria 

Peoria 

Farmington 

Knox 

Yates  City 
Canton 

||         No.  5 

Vermilion 

Grape  Creek 
Westville 

No.  6 

Logan 

Lincoln 

Menard 

Petersburg 

Sangamon 

Springfield 

No.  7 

Sangamon 

Virden 

Christian 

Taylorville 

Montgomery 

Girard 

Macoupin 

Carlinville 

No.  8 

Christian 

Pana 

Shelby 

Witt 

Montgomery 

Hillsboro 

Fayette 

Sorento 

Bond 

No.  9 

Macoupin 

Gillespie 

Madison 

Mt.  Olive 

Clinton 

Edwardsville 

St.  Clair 

Collinsville 

Washington 

Belleville 

Randolph 

Breece 

Nashville 

Sparta 

No.  io. 

Marion 

Odin 
Sandoval 

Centralia 

No.  ii. 

Perry 

Duquoin 

Jackson 

Pinckneyville 

No.    12. 

Franklin 

Benton 

Perry 

Carterville 

Jackson 

Marion 

Williamson 

No.  13. 

Jackson 

Murphysboro 

No.  14 

Saline 

riarrisburg 
ildoradc 
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Through  the  courtesy  of  the  Lovington  Coal  Mining  Co.  at  Lov- 
ington, 111.,  in  Moultrie  county,  I  am  able  to  present  below  the  record 
of  a  diamond  drill  prospect  made  by  the  Sullivan  Machinery  Co., 
and  as  it  is  such  a  complete  record  of  a  very  deep  hole  it  possesses 
considerable  value.  Mr.  Arthur  E.  Hanson,  Secretary  of  the  Com- 
pany, states  that  below  this  8  ft.  10  in.  seam,  at  a  depth  of  927  ft., 
they  have  found  another  between  4  and  5  ft.,  and  that  there  is  now 
a  difference  of  opinion  as  to  whether  the  8  ft.  10  in.  seam  is  No.  1  or 
No.  2,  which  illustrates  the  general  opinion  that  the  coal  bodies  in 
the  lower  measures  are  definite  and  individual  seams.  Among  the 
state  mine  inspectors,  one  considers  that  the  8  ft.  10  in.  seam  is  Nos. 
1  and  2  combined ;  another,  that  it  is  seam  No.  6. 

Record  from  diamond  drill  at  Lovington,  111. : 

Depth  from  Surface.  Thickness 

From  To  of  Strata. 

Feet  and  In.  Feet  and  In.  Feet  and  In.  Material. 

Black  Soil 

Yellow  Clay 

Blue  Clay 

Gravel 

Hard  Clay  and  Gravel 

Gravel 

Hard  Clay  and  Gravel 

Sand 

Red  Clay 

Red  Clay  and  Gravel 

Sand  Rock 

Sand  Shale 

Blue  Sand  Shale 

Sand  Shale 

Sand  Stone 

Coal 

Sand  Stone 

Clay  Shale 

Sand  Stone 

Blue  Sand  Shale 

Dark  Shale  with  Sandstone  Bands 

Blue  Shale 

Coal 

Sand  Shale 

Dark  Blue  Shale 

Fossiliferous 

Black  Shale 

Coal 

Clay  Shale 

Dark  Sand  Stone 

Fossiliferous  Shale 

Dark  Blue  Shale 

Coal 
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0 

2 

2 

2 

14 

12 

14 

72 

58 

72 

75 

3 

75 

83 

8 

83 

90 

7 

90 

116 

26 

116 

127 

11 

127 

132 

5 

132 

145 

13 

145 

149 

4 

149 

153 

4 

153 

182 

29 

182 

184 

2 

184 

202 

7 

18 

7 

202 

7 

202 

3 

10 

203 

5 

204 

7 

204 

211 

7 

211 

215 

4 

215 

229 

6 

14 

6 

229 

6 

243 

13 

6 

243 

255 

5 

12 

5 

255 

5 

257 

5 

2 

257 

5 

273 

15 

7 

273 

297 

8 

24 

8 

297 

8 

299 

1 

4 

299 

302 

6 

3 

6 

302 

6 

303 

6 

1 

303 

6 

308 

4 

6 

308 

33i 

23 

33i 

332 

1 

332 

350 

9 

18 

9 

35o 

9 

35i 

3 

Depth  from  Surface. 

Thi 

ckness 

From 

To 

of  Strata. 

Feet  and  In.  F 

eet  and  Ii 

l.  Feetand  In 

351 

353 

2 

353 

358 

5 

358 

363 

5 

363 

369 

6 

369 

372 

3 

372 

397 

8 

25 

8 

397 

8 

400 

2 

4 

400 

411 

10 

11 

10 

411 

10 

412 

1 

3 

412 

I 

416 

3 

11 

416 

425 

9 

425 

433 

3 

8 

3 

433 

3 

433 

4 

1 

433 

4 

439 

9 

6 

5 

439 

9 

440 

2 

5 

440 

2 

443 

2 

10 

443 

448 

5 

448 

453 

5 

453 

476 

10 

23 

10 

476 

10 

477 

6 

8 

477 

6 

482 

4 

6 

482 

483 

1 

483 

485 

2 

485 

490 

5 

490 

501 

6 

11 

6 

501 

6 

502 

6 

502 

503 

11 

1 

11 

503 

11 

505 

2 

1 

3 

505 

2 

509 

3 

10 

509 

519 

10 

519 

541 

22 

• 

541 

559 

18 

559 

582 

23 

582 

584 

6 

2 

6 

^84 

6 

588 

3 

6 

588 

593 

7 

5 

7 

593 

7 

594 

7 

1 

1 

594 

7 

605 

10 

5 

605 

608 

3 

608 

611 

3 

611 

627 

16 

627 

628 

1 

628 

642 

6 

14 

6 

642 

6 

645 

8 

3 

2 

645 

8 

646 

2 

6 

646 

2 

652 

5 

10 

652 

656 

4 
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Material. 

Fire  Clay 

Clay  Shale 

Lime  Stone 

Clay  Shale 

Conglomerate 

Lime  Stone 

Dark  Sand  Shale 

Sand  Shale 

Coal 

Sand  Shale 

Blue  Shale 

Dark  Blue  Shale 

Coal 

Dark  Blue  Shale 

Coal 

Blue  Sand  Shale 

Sand  Shale 

Sand  Stone 

Dark  Blue  Shale 

Coal 

Clay  Shale 

Lime  Stone 

Blue  Shale 

Red  Shale 

Blue  Shale 

Black  Shale 

Fossiliferous  Shale 

Coal 

Clay  Shale 

Shaley  Sand  Stone 

Dark  Sand  Stone 

White  Sand  Stone 

Sand  Stone 

Blue  Shale 

Nodular  Lime  Stone 

Lime  Stone 

Black  Shale 

Dark  Blue  Shale 

Clay  Shale 

Blue  Shale 

Sand  Stone 

Blue  Shale 

Dark  Blue  Shale 

Black  Shale 

Coal 

Clay  Shale 

Sand  Stone 
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Depth  from  Si 

lrface. 

Th 

ickness 

From 

To 

of  Strata. 

Feet  and  In. 

?eet  and  I 

1.  Feetandln 

Material. 

656 

657 

I 

Blue  Shale 

657 

664 

7 

Sand  Stone 

664 

675 

11 

Sand  Stone,  Shale  Partings 

675 

684 

9 

Dark  Sand  Shale 

684 

714 

6 

30 

6 

Dark  Blue  Shale 

7H 

6 

715 

6 

Black  Shale 

715 

7l6 

1 

Coal 

7l6 

718 

6 

2 

6 

Clay  Shale 

718 

6 

723 

4 

6 

Blue  Sand  Shale 

723 

732 

9 

Sand  Shale 

73^ 

740 

8 

Lime  Stone 

740 

741 

6 

1 

6 

Blue  Shale 

741 

6 

754 

4 

12 

10 

Lime  Stone 

754 

4 

756 

1 

8 

Dark  Blue  Shale 

756 

7^3 

7 

Gray  Shale 

7^3 

782 

19 

Sand  Stone 

782 

801 

19 

Dark  Sand  Stone 

801 

825 

24 

Dark  Blue  Shale 

825 

830 

5 

Black  Shale 

830 

840 

10 

Dark  Blue  Shale 

840 

850 

10 

Blue  Shale 

850 

866 

16 

Dark  Blue  Shale 

866 

873 

6 

7 

6 

Blue  Shale 

873 

6 

876 

8 

3 

2 

Coal 

876 

8 

878 

7 

1 

11 

Shale  Partings 

878 

7 

879 

11 

1 

4 

Coal 

879 

11 

883 

3 

1 

Blue  Lime  Stone 

883 

888 

5 

Clay  Shale 

888 

891 

3 

Black  Slate 

891 

900 

6 

9 

6 

Blue  Lime  Stone 

900 

6 

902 

10 

2 

4 

Black  Slate 

902 

10 

911 

8 

8 

10 

Coal 

911 

8 

920 

8 

4 

Sand  Stone 

My  figures  for  coal  production  were  taken  from  the  Illinois  State 
Reports,  and  Mr.  Ray,  in  the  presentation  of  his  diagrams,  called  at- 
tention to  the  apparent  incompleteness  of  the  output  for  the  year 
1 881,  and  in  revising  his  discussion,  has  made  some  comments  re- 
garding the  matter.  I  have  prepared  another  and  more  extended 
estimate  upon  the  following  basis : 

For  the  period  from  1810  to  1833,  I  have  assumed  that  the  coal 
production  began  in  the  first  year,  and  that  the  increase  was  at  a  con- 
stant rate  until  it  arrived  at  5357  tons  in  1833  ; 

For  the  period  from  1833  to  1881,  I  have  taken  the  figures  pre- 
pared by  Mr.  Henry  S.  Fleming,  of  New  York,  Secretary  of  The 
Bituminous  Coal  Trade  Association  ; 
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For  the  period  from  1882  to  1908,  inclusive,  the  figures  as  origin- 
ally given  in  the  paper  are  used. 

This  gives  657,310,216  tons  as  the  total  production  exclusive  of  the 
year  1909,  which  is  not  much  different  from  the  figure  originally 
used  in  the  paper.  Mr.  DeWolf  places  the  amount  at  645,868,309  to 
the  close  of  1907.  If  to  this  is  added  the  production  for  1908  of 
49,272,452  tons,  the  total  will  be  695,140,761.  His  figures  are  prob- 
ably taken  from  the  U.  S.  Geological  Survey  records,  while  mine  are 
irom  an  entirely  different  source.  The  Survey  figures  as  a  rule  run 
higher  than  those  of  the  State  Reports,  and  it  is  probable  that  an 
average  of  the  two  may  be  taken  as  a  representative  total  production 
of  coal  in  Illinois  to  the  close  of  1908,  which  would  be  660,589,262 
tons,  and  upon  a  basis  of  57  per  cent  recovery,  would  represent  an  ex- 
haustion of  1,158,928,500  tons. 


Estimate  of  Coal  Production  in  Illinois  from  Earliest 
Records  to  1908  Inclusive. 


year. 

1833- 
1834. 

1835. 
1836. 

1837- 


TONNAGE. 

•  ■  V 5,357 

6,696 

7,143 

8,929 

11,161 

1838 12,500 

1839 13427 

1840 i5,H9 

1841 3l»25o 

1842 51,786 

1843 66,964 

1844 107,143 

1845 133,929 

1846 147,321 

1847 160,714 

1848 178,571 

1849 232.143 

1850 267,857 

1851 285,714 

1852 303,571 

1853 334,822 

1854 343,750 

1855 357,H3 

1856 366,072 

1857 401,786 

1858 437.500 

1859 473,2I4 

i860 650,357 

1861 598,214 


YEAR.  tonnage. 

1871 2,678,571 

1872 3,000,000 

1873 3,500,000 

1874 3,752,679 

1875 3,976,052 

1876 4,464,286 

1877 4,776,786 

1878 5,089,286 

1879 4,464,286 

1880 5,460,158 

1881 6,000,000 

1882 9,115,653 

1883 10,508,791 

1884 10,105,005 

1885 9791,874 

1886 9,246,435 

1887 10.278,890 

1888 11,855,188 

1889 11,597,963 

1890 12,638,364 

1891 15,660,698 

1892 17,862,276 

1893..  ..• 19,946,564 

1894 17,113,576 

1895 17,737,864 

1896 19,786,626 

1897 20,072,758 

1898 18,599,299 

1899 23,434,445 
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YEAR.                                     TONNAGE.        YEAR.  TONNAGE. 

1862 696,429  1900 25,153,929 

l863 794,643  1901 26,635,319 

l8^4 892,857  1902 30,021,300 

I(^5 1,125,000  1903 34,955,400 

l8°6 1,410,714  1904 37,077,897 

l867 1,607,143  1905 37,183,374 

1868 1,785,714  1906 38,317,581 

l869 1,655,357  1907 47,798,621 

l87o 2,343,003  1908 49,272,452 

Dr.  I.  C.  White  has  been  of  valuable  assistance  in  calling  attention 
to  the  disposition  that  has  prevailed  in  the  past  to  largely  overesti- 
mate available  fuel  reserves.  He  considers  that  my  estimate  of 
201,000,000,000  tons  is  too  large,  and  I  am  very  glad  to  have  his 
opinion,  as  there  is  no  one  who  can  speak  with  greater  authority  on  a 
subject  of  this  character,  and  while  he  may  be  correct,  I  am  unable  to 
see  my  way  clear  to  reduce  the  figure  which  I  have  made,  because  the 
thinning  out  and  disappearance,  of  seams  towards  the  center  of  the 
basin  regarding  which  he  speaks,  has  been  taken  into  consideration. 
It  is  a  fact  that  we  have  in  the  center  of  this  coal  basin  a  large  com- 
paratively barren  area,  which  is  clearly  indicated  on  my  maps  I  and  2, 
and  the  coal  attributable  to  this  area  is  considered  to  aggregate  1.5 
feet,  upon  the  assumption  that  it  is  present  in  the  lower  measures  in 
the  form  of  small  basins  and  isolated  bodies. 

I  am  thankful  for  the  valuable  discussion  presented  by  Mr. 
DeWolf .  While  I  have  the  greatest  appreciation  for  the  work  of  Mr. 
Worthen,  the  first  State  Geologist,  I  have  found  the  reports  of  the 
original  Survey  of  very  limited  value  so  far  as  economic  problems  are 
concerned.  I  realize,  however,  and  have  taken  pleasure  in  saying 
that  his  work  on  paleontology  is  of  the  greatest  value  to  students  of 
geological  problems. 

I  regret  that  it  has  been  impossible  to  present  more  evidence  sup- 
porting the  conclusion  that  the  body  of  coal  in  Williamson,  Franklin, 
Southern  Perry  and  Jackson  counties  now  called  No.  7,  is  the  same 
seam  as  that  known  as  No.  6.  Both  the  former  State  Geologist  Dr. 
Bain,  and  Mr.  DeWolf,  have  for  a  considerable  period  of  time  be- 
lieved that  it  was  No.  6.  Up  to  the  present  time,  however,  I  have  not 
clearly  understood  upon  what  basis  such  claim  was  made ;  the  evi- 
dence afforded  by  the  Fusilina  fossil  may,  in  my  opinion,  be  regarded 
as  more  conclusive  than  the  fact  that  each  of  the  bodies  of  coal  have  a 
blue  band  located  near  the  bottom  in  a  corresponding  position,  be- 
cause it  would  be  impossible  for  two  coal  seams  to  contain  a  parting 
similar  in  each  case  without  their  being  the  same  seam.  It  will  be 
rather  hard  for  some  people,  I  dare  say,  to  accept  the  theory  that  what 
has  been  regarded  as  two  different  beds  of  coal  are  the  same,  in  view 
of  the  different  manifestations  of  pyrites  in  the  two  beds  as  well  as 
for  other  reasons.  I  am  quite  anxious,  however,  to  accept  the  theory 
that  the  so-called  No.  7  bed  of  coal  is  in  reality  No.  6,  and  hope  that 
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in  the  near  future  the  Geological  Survey  will  publish  more  matter 
bearing  on  the  subject,  so  that  we  may  be  in  a  position  to  accept  the 
correction.  The  analysis  of  groups  A,  B,  C  and  D  submitted  by  Mr. 
DeWolf,  giving  B.  t.  u.  values  on  the  basis  of  ash,  water  and  sulphur 
free  coal  as  follows : 

Ash,  Water  and 
,  Sulphur  free  B.  t.  u. 

GrOlip    A  Average 

Coulterville  to  Duquoin  along  I.  C.  Ry 14,385 

Group  B 

Perry  County  east  of  Duquoin 14,400 

Group  C 

Eastern  part  of  Jackson  County 14,644 

Group  D 

Northwest  corner  of  Williamson  County 14,589 

does  not  prove  the  matter,  notwithstanding  that  it  shows  the  B.  t.  u. 
west  of  Duquoin  in  seam  No.  6  to  be  within  15  units  of  that  to  the 
east  in  seam  "7."  Sulphur  should  not  be  excluded  because  it  is  one 
of  the  combustible  elements  just  as  is  hydrogen  or  carbon;  in  fact  it 
is  in  the  sulphur  content  that  the  real  difference  lies  if  there  be  any. 
The  proper  comparison  is  that  of  the  heating  value  of  the  pure  coal 
and  on  this  basis  Mr.  DeWolf  s  B.  t.  u.  values  are  as  follows : 

Heating  power  in 
,—  a  B.  t.  u.  per  pound 

LirOUp  A  Seam  No.      of  Pure  Coal 

Coulterville  to  Duquoin  along  I.  C.  Ry 6  I4>I57 

Group  B 

Perry  County  east  of  Duquoin "7"         14,353 

Group  C 

Eastern  part  of  Jackson  County "7"         14,509 

Group  D 

Northwest  corner  of  Williamson  County "7"         14,526 

This  shows  the  value  of  the  southern  end  of  the  No.  6  coal  bed  west 
of  Duquoin  as  low  in  heating  power  as  at  its  northern  end  at  Virden. 
Also  instead  of  an  agreement,  there  is  a  decided  difference  in  the 
heating  power  to  the  east  and  west  of  Duquoin.  My  conclusion  is, 
that  instead  of  14,157,  the  pure  B.  t.  u.  value  of  No.  6  seam  at  Du- 
quoin is  14,360.  On  this  basis,  accepting  Mr.  De  Wolf's  figures  for 
Groups  B,  C  and  D  and  mine  for  Group  A,  we  have  the  following: 

Heating  power  in  B.  t.  u. 
per  lb.  of  pure  coal, 
(~^  .  according  to  De  Wolf 

CjTOUp    A  Seam  No.      and  Bement 

Coulterville  to  Duquoin  along  I.  C.  Ry 6  14,360 

Group  B 

Perry  County  east  of  Duquoin "7"         14,353 

Group  C 

Eastern  part  of  Jackson  County "7"         I4,5°9 

Group  D 

Northwest  corner  of  Williamson  County "7"         T4,526 

which  would  indicate  that  the  evidence  afforded  by  the  heating  power 
value  shows  a  similarity  between  seam  Nos.  6  and  7. 
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While  I  have  given  the  pure  B.  t.  it.  value  of  the  Williamson  and 
Franklin  county  field,  which  also  includes  the  eastern  portions  of 
Perry  and  Jackson  counties  as  14,500,  there  is  an  opportunity  to  es- 
tablish more  exact  values  in  different  portions  of  the  field,  because  it 
is  a  fact,  that  the  heating  power  increases  from  north  to  south  and 
also  from  west  to  east.  In  reality,  the  B.  t.  u.  value  over  the  entire 
basin  increases  from  west  to  east,  so  that  the  corresponding  seams  in 
Indiana  have  a  higher  heating  value  than  in  Illinois. 

Relative  to  the  amount  of  coal  originally  present,  in  the  prepara- 
tion of  my  figures,  areas  given  in  Table  No.  3  were  carefully  meas- 
ured on  a  very  large  map  (some  25  feet  long,  on  a  scale  of  */2  inch  to 
the  mile),  and  these  areas  were  carefully  computed  from  what  may 
be  designated  as  known  thicknesses,  as  the  thickness  for  the  areas 
Nos.  1  and  4,  inclusive,  are  quite  well  known.  In  the  case  of  the  un- 
known area  of  10,199  square  miles,  which  is  the  territory  in  the  center 
of  the  basin,  it  was  assumed  that  the  coal  would  average  a  thickness 
of  1.5  feet  for  the  entire  area,  not  as  regular  persistent  seams,  but  in 
isolated  bodies,  which  might  range  in  thickness  to  several  feet,  and 
workable  as  separated  and  distinct  beds,  rather  than  as  recognized 
seams.  Or  in  other  words,  the  areas  given  in  table  No.  2  are  those 
shown  on  map  No.  1.  No  account  was  taken  of  coal  which  might  lie 
above  these  seams,  because  I  felt  there  was  no  evidence  that  it  ever 
would  be  of  much  commercial  importance,  but  it  was  recognized  that 
coal  having  some  value  is  located  below  the  beds  given  in  areas  1  to  4 
of  Table  No.  3,  therefore  it  was  assumed  that  lying  below  these  areas, 
there  were  beds  having  an  aggregate  thickness  shown  in  Table  No.  4. 
The  basis  upon  which  my  estimate  has  been  made,  is  one  which  ex- 
cludes everything  lying  above  the  important  seams,  and  including 
everything  below.  In  all  probability,  it  may  be  considered  practically 
as  an  estimate  of  the  total  amount  of  coal  present.  If  Mr.  Campbell's 
figures  included  all  coal  measuring  20  inches  and  over,  his  conclusion 
is  one  which  would  probably  indicate  a  still  larger  difference  in  our 
estimates  than  the  figures  of  240,000,000,000  and  201,000,000,000. 
As  Mr.  De  Wolf's  estimate  is  based  on  the  amount  of  workable  coal.  I 
am  inclined  to  consider  that  he  and  I  are  in  fairly  close  agreement  in 
figures,  and  that  Mr.  Campbell's  is  much  too  large. 

In  connection  with  the  migration  of  the  center  of  production  to  the 
south,  into  the  region  of  thick  coal,  it  was  not  my  intention  to  imply 
that  the  thinner  coals  were  not  of  importance,  or  to  base  any  conclu- 
sions on  the  amount  of  coal  shipped  away  from  the  state  as  compared 
to  that  used  at  home,  and  possibly  the  matter  has  not  been  made  clear. 
It  was  my  idea  to  emphasize  the  fact  that  on  a  strictly  competitive 
basis  the  thick  coal  would  monopolize  the  entire  output  because  of 
lesser  cost  of  production,  and  that  the  reason  why  the  thin  coal  to  the 
north  and  the  medium  coal  west  of  the  Illinois  river  had  continued 
to  increase  in  output,  although  on  a  small  scale,  was  because  of  cer- 
tain features  of  the  transportation  situation.  For  example,  there  are 
railroads  which  reach  these  territories,  having  an  outlet  to  the  north 
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and  west,  which  do  not  reach  thick  coal  areas,  and  it  is  for  this  reason 
that  these  fields  continue  to  flourish.  If  a  difference  in  the  cost  of 
production  did  not  exist,  the  center  of  output  would  be  at  the  north 
end  of  the  state,  and  the  extensive  southern  development  would  not 
have  taken  place.  To  illustrate, — the  Chicago  &  Northwestern  Ry. 
obtained  an  important  portion  of  its  coal  supply  from  mines  at  Spring 
Valley  in  Bureau  county  in  the  Northern  Field,  where  the  seam  has 
a  thickness  of  3.5  feet.  Later,  it  began  hauling  coal  from  the  south- 
ern end  of  Macoupin  county  in  seam  No.  6  which  has  a  thickness  of 
8  feet,  and  in  order  to  do  so,  it  was  necessary  for  its  trains  to  pass 
over  the  Macoupin  County  Ry.  from  Benld  to  the  town  of  Girard, 
where  they  transferred  to  the  tracks  of  the  Chicago  &  Alton  Ry.,  and 
again  at  Peoria,  to  a  branch  line  of  the  Chicago  &  Northwestern, 
which  joined  the  main  line  in  the  vicinity  of  the  Spring  Valley  mines. 
This  is  going  to  considerable  trouble  to  pass  by  the  mines  in  thin  coal 
to  reach  those  in  thick,  and  is  a  decided  case  of  carrying  coals  to 
Newcastle.  Should  the  Federal  Government  step  in,  as  it  may  some 
day,  and  require  the  removal  of  all  coal  in  mining,  the  advantage  of 
the  thick  over  the  thin  seams  will  be  lessened,  of  course. 

To  me,  personally,  Mr.  De  Wolf  has  made  a  criticism  regarding  my 
statement  concerning  the  buried  valley  which  extends  from  Madison 
across  Montgomery  and  Christian  counties.  He  is  disposed  to  con- 
sider it  as  an  erosion  during  the  carboniferous  period,  or  at  least,  that 
part  of  it  was  so  formed.  His  argument,  of  course,  is  quite  reason- 
able, because  of  the  great  depth.  My  statement  was  based  especially 
on  the  results  of  borings  made  north  of  the  town  of  Sorento  in  Mont- 
gomery County.  But  the  matter  is  quite  an  interesting  one  from  a 
geological  standpoint,  and  it  would  be  desirable  to  have  more  light 
on  it.  It  has  recently  been  reported  that  when  the  shaft  at  Assump- 
tion was  sunk,  that  the  "Pana"  coal  (seam  No.  6,)  was  found  at 
the  expected  depth,  but  so  thin  that  it  could  not  be  mined.  Assuming 
that  this  statement  is  correct,  the  location  of  this  shaft  would  mark 
the  edge  of  the  coal  bed.  On  this  basis  I  have  made  a  detailed  map 
of  the  locality,  Fig.  4,  which  shows  railroads  and  towns  with  a 
change  in  the  boundary  of  this  valley,  assuming  that  the  bed  of  No. 
6  coal  extends  as  far  north  as  the  town  of  Assumption.  If  this 
assumption  may  be  accepted  as  correct,  the  edge  of  the  coal  bed 
from  the  northeast  corner  of  Madison  county  to  this  point  is  defined 
with  a  high  degree  of  accuracy.  The  data,  however,  upon  which  the 
extension  into  Madison  county  is  based  is  very  meager.  The  other 
boundary  of  the  bed  is  indicated  with  a  high  degree  of  accuracy  from 
Clarksdale  in  Christian  county  to  the  locality  of  Binney  in  Madison 
county. 

Mr.  S.  A.  Shafer,  General  Manager  of  the  Assumption  Coal  & 
Mining  Co.  has  dug  up  for  me  a  partial  record  of  the  strata  passed 
through  in  sinking  the  shaft  at  Assumption  in  Christian  county.  The 
original  records,  it  appears,  were  lost  in  a  fire  some  years  ago,  and 
the  data  herewith  presented  is  from  partial  memoranda  made  by  one 
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Fig.  4. 
Location  of  Great  Eroded  Valley  Cutting  Through  No.  6  Coal  Seam. 
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of  the  stockholders  of  the  Company.  It,  however,  does  not  begin 
until  at  a  depth  of  538  feet,  in  which  the  seam  of  coal  considered  as 
No.  6  is  1  ft.  8  in.  thick.  There  is,  however,  some  question  in  my 
mind  whether  it  is  this  seam  or  not.  because  at  Pana,  which  is  about 
thirteen  miles  further  south,  it  is  at  a  depth  of  720  feet.  At  all  events, 
I  have  changed  the  boundry  of  the  No.  6  seam  in  the  territory  to  the 
north  of  Pana,  so  that  it  extends  to  the  town  of  Assumption,  assum- 
ing, that  the  conditions  at  this  point  are  similar  to  those  at  Raymond, 
Hillsboro  and  Palmer,  as  well  as  borings  north  of  the  Big  Four  Ry. 
in  Montgomery  county,  all  of  which  points  appear  to  very  clearly 
mark  the  boundary. 

PARTIAL  LOG  AT  ASSUMPTION,   AS  REPORTED 

Thickness  Depth 

Ft.         In.         Ft.  In. 

Chocolate   shale 6      o     538      4 

Blue  shale 25       6     563     10 

Black  shale 2      o     565     10 

Coal  and  slate 6     566      4     No.  7  Seam 

Conglomerated     lime 

and  clay 12       o     578       4 

Lime  rock 3       o     581       4 

Sand   stone 20       o     601       4 

Blue  sand  shale 23       o     624      4 

Brown  sand  shale....     4       o     628      4 

Lime   stone 1       o     629      4 

Coal    1       8     631       o     No.  6  or  Pana  Seam 

Fire  clay  and  boulders     6       o     637       o 

Sand   stone 10       o     647       o 

Fire  clay  and  rock.  ...     7       o     654      o 

Black  shale 2       o     656      o 

Coal    2     656       2     No.  5  or  Moweaqua  Coal 

Fire  clay 10      o     666      2 

To  Mr.  E.  E.  R.  Tratman,  I  would  say  that  it  is,  of  course,  true, 
that  with  conditions  of  Increasing  demand  and  decreasing  supply, 
it  will  be  possible  to  operate  seams  which  are  now  of  minor  impor- 
tance, but  the  fact  still  remains  that  the  advantage  lies  with  the  thick 
coal,  therefore  its  conservation  and  economical  exploitation  is  a  mat- 
ter constantly  increasing  importance,  with  the  result  that  the  value 
of  the  thick  coal  will  be  much  greater  in  the  future  than  it  is  at 
present. 

Mr.  George  S.  Rice  has  presented  a  valuable  and  very  welcome 
discussion.  It  is  a  fact,  as  he  suggests,  that  attention  should  also  be 
directed  to  the  reckless  use  of  explosives  in  other  counties  than 
Franklin.  It  was  not  the  intention  to  intimate  that  this  trouble  was 
confined  to  Franklin  county,  although  it  is  much  worse  there  than 
elsewhere. 

I  think,  in  all  probability,  my  manner  of  expression  may  have  led 
to  misunderstanding,  as  it  was  not  my  purpose  to  intimate  that 
only  one-half  of  one  per  cent  of  the  area  of  the  Coal  Measures  of  the 
State  contained  coal  adaptable  for  competition,  but  that  in  the  par- 
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ticular  instance  mentioned,  it  was  a  fact  that  the  territory  which 
could  be  purchased  and  that  was  suitable  for  operation  under  con- 
ditions in  this  case,  was  one-half  of  one  per  cent,  and  that  a  large  por- 
tion of  territory  which  would  otherwise  have  been  suitable,  had  passed 
out  of  the  hands  or  original  owners. 

Mr.  Williams  has  presented  useful  discussion.  In  reference,  how- 
ever, to  the  difference  between  the  figures  for  ash  given  by  me  for 
Pocahontas  coal  as  compared  with  the  West  Virginia  Geological 
Survey  Reports,  I  do  not  think  it  is  due  to  difference  in  method  of 
sampling,  but  rather  to  a  variation  in  the  quality  of  coal.  The  "Poca- 
hontas" and  "Smokeless"  which  reach  Chicago,  are  coals  variable  in 
character,  rather  different  than  that  which  has  been  exploited  on  the 
seaboard.  As  a  matter  of  fact,  however,  5.5%  is  probably  a  little 
lower  than  good  Pocahontas  will  probably  average ;  6%  would  be  a 
better  figure. 

Mr.  Taylor,  I  observe,  gives  me  credit  for  compiling  a  mass  of 
data.  I  have  not  considered  the  paper  to  be  in  the  nature  of  a  com- 
pilation. It  is  true  that  a  very  large  amount  of  labor  was  expended 
upon  the  gathering  and  putting  together  of  various  information,  but 
to  my  mind  the  most  important  feature  of  the  work  is  the  conclusions 
which  have  been  drawn,  based  almost  altogether  upon  many  years 
of  personal  observation  and  experience. 

I  am  very  glad  to  have  assistance  in  arriving  at  conclusions  rela- 
tive to  coal  values  and  his  contributions  are  of  value. 

Mr.  Taylor  is  in  the  business  of  testing  coal  for  those  buying 
under  contract,  wherein  the  quality  of  the  fuel  is  guaranteed,  a  re- 
duction being  made  in  the  price  if  it  drops  below,  and  a  bonus  being 
paid  if  it  is  above  the  value  specified.  I  note  that  he  criticises  my 
B.  t.  u.  value  for  Saline  county  coal,  and  in  this  connection  it  may  be 
said  that  we  had  at  the  time  serious  controversy  relative  to  the  pure 
B.  t.  u.  value  of  Williamson  county  coal,  it  being  my  contention  that  it 
should  be  considered  as  14,500,  although  some  tests  by  the  U.  S. 
Geological  Survey  on  mine  samples,  gave  a  figure  somewhat  higher. 
At  the  time  a  very  large  quantity  of  Williamson  county  washed  coal 
was  being  sold  under  guarantee,  and  the  larger  part  of  it  was  earn- 
ing a  bonus,  because  its  quality  was  superior  to  the  guarantee,  al- 
though the  B.  t.  u.  value  accredited  to  it  on  a  pure  coal  basis,  averaged 
only  about  13,300,  and  had  the  proper  value  been  employed,  it  would 
have  considerably  increased  the  bonus  paid  to  the  dealer,  and  I  am 
now  glad  to  find  that  Mr.  Taylor  in  his  table  giving  B.  t.  u.  values  of 
dry  coal,  which  are  based  upon  the  same  per  cent  of  ash  as  given  in 
my  table  8  in  comparison  with  dry  B.  t.  u.  values,  credits  the  William- 
son and  Franklin  county  field  with  12,788  B.  t.  u. ;  When  calculated 
to  a  pure  coal  basis  it  becomes  14,558,  higher  by  58  B.  t.  u.  than  I  ever 
demanded,  and  it  gives  me  great  satisfaction  to  know  that  the  contro- 
versy has  at  last  been  settled,  although  I  regret  that  there  has  been 
such  a  large  money  loss  in  delivery  under  these  contracts  on  account 
of  the  low  B.  t.  u.  by  which  they  were  valued.    These  low  valuations 
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have  been  very  largely  corrected  through  the  use  of  the  Mahler 
calorimeter.  Therefore  referring  to  my  figure  for  Saline  county  B. 
t.  it.  and  the  criticism  thereof,  we  are  confronted  with  a  similar  con- 
dition to  that  prevalent  during  the  time  that  a  lower  value  was  em- 
ployed for  Williamson  county,  which  is,  that  the  Saline  county  coal 
now  being  sold  under  a  guarantee  is  already  earning  a  bonus,  and 
the  use  of  a  higher  B.  t.  u.  value  would  still  further  increase  the 
amount  of  money  the  consumer  pays  for  it  above  the  price  at  which 
it  could  be  purchased  if  not  sold  under  a  guarantee  contract.  I  am 
satisfied  with  my  own  figures  on  the  Saline  county  coal,  as  the  work 
was  conducted  with  great  care  and  carefully  checked,  the  results 
being  based  on  a  large  number  of  samples,  the  greater  portion  of 
which  I  took  myself  after  an  inspection  of  all  the  mines  on  the  Big 
Four  Ry.  I  am  unable,  however,  to  offer  evidence  from  any  other 
source  concerning  the  value  of  Saline  county,  coal,  but  am  able  to 
quote  Prof.  N.  W.  Lord  of  the  University  of  Ohio,  on  the  Hocking 
Valley  coal,  which  is  arranged  in  corresponding  columns  with  my 
figures  on  the  same  fuel : 

Hocking  Valley  Coal. 
Values  Values 

Accordingto    Accordingto 
N.  W.  Lord        A.  Bement 

Moisture 7.55  7.88 

Ash  in  dry  coal 6.33  6.40 

Heating  power  in  B.  t.  u.  per  pound  of  pure  coal.  .    14,446         14,341 

The  above  table  does  not  show  a  serious  disagreement. 

In  reference  to  the  B,  t.  u.  value  of  seam  No.  2  in  the  Wilmington 
field,  I  am  inclined  to  agree  with  Mr.  Taylor.  At  all  events,  I  consider 
his  value  for  this  locality  superior  to  the  one  that  I  used.  For  the  fig- 
ures of  the  analysis  in  the  Wilmington,  Northern  and  Peoria  and  Ful- 
ton fields,  I  am  indebted  to  the  State  Geological  Survey,  as  I  felt  that 
its  figures  would  be  more  comprehensive  than  mine,  in  view  of  the  fact 
that  my  work  has  been  HxOre  especially  in  the  thick  coal  areas,  and 
concluded  that  I  had  best  use  the  Survey  figures,  and  I  am  sure  the 
one  suggested  by  Mr.  Taylor  for  the  Wilmington  field  is  more  nearly 
accurate,  as  it  corroborates  my  experience,  which  would  change  the 
pure  B.  t.  u.  value  from  14,201  to  14,462. 

The  table  which  he  has  offered  as  representing  B.  t.  u.  values  for 
the  different  fields  on  a  10%  ash  basis,  would  have  been  more  useful, 
if  presented  on  a  pure  coal  basis,  therefore  I  have  made  Table  A, 
giving  pure  B.  t.  u.  values  for  each  of  the  fields,  which  will  enable  one 
to  calculate  therefrom  B.  t.  u.  values  on  a  dry  and  moist  basis,  by  re- 
ducing the  heating  power  in  proportion  to  the  ash  and  moisture 
present.  Thus  if  the  moisture  and  ash  are  each  10%,  multiplying  the 
pure  B.  t.  u.  value  by  0.80  will  give  the  moist  coal  B.  t.  u.  This  table 
of  factors  has  never  before  been  published,  and  it  is  useful  in  deter- 
mining B.  t.  u.  when  ash  and  moisture  have  been  determined,  thus 
eliminating  the  necessity  for  the  use  of  a  calorimeter. 

Mr.  Taylor  has  referred  to  a  scheme  of  valuing  coal  according  to 
tables,  but  he  does  not  present  it  clearly,  therefore  I  will  explain  as 
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follows :  Prof.  S.  W.  Parr  on  October  3rd,  1906,  in  a  discussion  to 
my  paper  on  the  Testing  of  Coal,  at  page  672,  Vol.  XI  of  the  Journal 
of  the  Western  Society  of  Engineers,  first  introduced  the  matter 
of  a  possible  loss  from  the  ash  content  by  the  volatilization  of  inert 
matter.  It  was  at  the  time  presented  as  an  argument  against  my 
proposition  to  treat  the  pure  coal  value  as  a  constant  for  any  seam 
or  definite  locality  in  any  seam.  Following  this,  Mr.  W.  F.  Wheeler 
in  the  Journal  of  the  American  Institute  of  Mining  Engineers,  Vol. 
XXXVIII,  p.  621,  under  the  title  of  Pure  Coal  as  a  Basis  for  the 
Comparison  of  Bituminous  Coals,  presented  the  most  complete  dis- 
cussion of  the  matter  which  has  been  thus  far  published.  While  Mr. 
Wheeler's  paper  was  prepared  and  received  by  the  Society  during  the 
latter  part  of  1906,  it  was  not  published  until  the  summer  of  1907. 
Mr.  W.  Brinsmaid  who  had  been  employed  in  the  chemical  labora- 
tories of  the  State  University  and  Geological  Survey  under  Prof. 
Parr,  and  who  worked  with  Mr.  Wheeler,  resigned  his  position  in 
July,  1907,  to  accept  one  with  the  Fuel  Engineering  Co.  While  in  its 
employ  he  is  credited  with  having  continued  Prof.  Parr's  inquiry,  and 
has  published  in  the  Journal  of  Industrial  and  Engineering  Chem- 
istry of  the  American  Chemical  Society,  Vols.  I  and  II,  a  supposed 
explanation  of  the  methods  employed  in  preparing  the  tables  to  which 
Mr.  Taylor  refers.  He,  however,  fails  to  furnish  data  to  support  the 
argument  presented ;  thus  while  a  great  deal  has  been  said  concerning 
the  utility  of  the  tables  to  which  Mr.  Taylor  makes  reference,  no 
explanation  of  the  means  employed  in  their  construction  has  been 
offered.  My  own  contribution  to  this  subject,  in  its  reference  to  the 
paper  by  Mr.  Wheeler,  will  be  found  in  the  Transactions  of  the 
American  Institute  of  Mining  Engineers,  Vol.  XXXIX,  p.  800.  The 
scheme  proposed  by  Prof.  Parr,  and  which  Mr.  Taylor  is  now  ex- 
ploiting, is  one  having  academic  value  as  bearing  on  the  study  of 
problems  in  the  laboratory.  Its  application,  however,  in  commercial 
testing  is  doubtful,  or  at  best  untried,  and  for  that  reason  my  original 
contention  for  established  B.  t.  u.  values  applying  to  a  definite  local- 
ity, such  as  given  in  Table  A,  is  much  to  be  preferred,  and  if  further 
refinement  is  demanded,  similar  value  for  different  grades  of  coal  as 
lump,  mine  run,  or  screenings  may  be  adopted. 

Heating  Power  in 

Coal  Field  B.  t.  u.  per  pound 

No.  Name  Seam  No.  of  Pure  Coal 

Table  A. 

1  Rock   Island 1  1 4. 375 

2  Northern    2  14438 

3  Wilmington 2  14,462 

4  Peoria  and  Fulton 5  T4-330 

5  Grape  Creek 6  14,140 

6  Springfield 5  14-350 

7  Virden    6  14.145 

8  Pana  6  14,225 

9  Central  Illinois 6  14.240 
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Heating  Power  in 

Coal  Field  B.  t.  u.  per  pound 

No.  Name  Seam  No.  ofPuieCoal 

10  Centralia    6  I4>39° 

1 1  Duquoin  6  14*360 

12  Williamson  and  Franklin 6  or  7  14,500 

13  Big  Muddy 2  1 5,075 

14  Saline   5  15,048 

Prof.  Breckenridge  has  presented  an  elaborate  discussion  which 
I  very  much  appreciate,  although  it  does  not  appear  that  his  data  dis- 
proves the  statement  that,  as  a  general  proposition,  the  quality  of  coal 
seams  increases  with  depth  or  from  north  to  south.  There  may  be 
grounds  for  questioning  what  is  meant  by  my  expression — general 
proposition.  Therefore  I  will  say  that  the  meaning  intended  to  be 
conveyed  was,  that  in  the  majority  of  instances  these  were  the  facts. 
Take  the  matter  from  the  standpoint  of  lower  and  upper  seams  at  the 
southern  end  of  the  State,  for  example ;  in  this  territory  seams  Nos. 
2,  5  and  7  are  worked,  and  the  heating  power  value  of  the  two  lower 
ones  are  higher  than  No.  7.  Or,  take  the  northern  portion  of  the 
State  as  between  the  lower  seams  on  the  basis  of  general  quality,  per 
cent  of  moisture  and  ash  content,  and  it  is  very  clear  that  the  seams 
of  the  lower  measures  are  the  best.  Or  again,  if  we  follow  the  heat- 
ing power  of  the  No.  6  seam  from  North  to  South,  on  the  pure  B. 
t.  u.  basis,  it  ranges  from  14,140  to  14,390  at  Duquoin  and  in  Wil- 
liamson county  and,  assuming  that  the  "No.  7"  in  Williamson  and 
Franklin  counties  is  a  continuation  of  the  large  body  of  No.  7  coal,  it 
is  14,500.  Or  compare  any  B.  t.  u.  value  at  the  north  end  of  the  State 
with  that  of  Jackson  or  Saline  county,  or  with  an  average  of  Jack- 
son, Saline  and  Williamson  counties,  and  it  will  be  at  once  apparent 
that  my  statement  is  true.  Even  taking  the  Williamson  and  Frank- 
lin county  field,  F.  W.  Wheeler  in  Trans.  American  Institute  of  Min- 
ing Engineers,  Vol  XXXVIII,  p.  628,  states  that  the  decrease  in  B. 
t.  u.  from  Marion  in  Williamson  county  to  Ziegler  at  the  North  in 
Franklin  county,  is  319.  Again,  at  Springfield,  the  B.  t.  u.  value  of 
the  No.  5  seam  is  205  B.  t.  u.  higher  than  the  No.  6  seam  in  the  same 
locality.  It  is  no  doubt  true,  that  there  may  be  exceptions  to  this  gen- 
eral tendency.  I  have  always  believed  that  there  was,  but  failed  to 
see  any  evidence  that,  as  a  general  proposition,  my  contention  is  in 
error,  the  only  exception  I  know  of  being  quoted  by  Mr.  De  Wolf. 
In  the  instance  he  mentions,  of  coal  mined  in  Shelby  county  from 
what  is  called  seam  No.  14,  the  ash  in  the  dry  coal  is  given  as  7.85 
and  the  B.  t.  u.,  13,234,  which  when  calculated  to  the  pure  coal  basis 
becomes  14,361,  indicating  a  good  quality,  slightly  superior  to  that  of 
seam  No.  5  at  Springfield. 

Prof.  Breckenridge  has  also  given  results  of  tests  of  coal  from 
shafts  of  different  depths.  Assuming  that  the  boiler  tests  which  have 
been  quoted  are  to  be  depended  upon  for  data  of  value  in  this  con- 
nection, attention  should  be  directed  to  the  fact  that  depth  of  shaft 
would  not  give  the  basis  required.    For  example,  shafts  in  seam  No.  6 
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range  to  over  800  feet  deep,  yet  they  are  in  the  same  seam.  As  a 
matter  of  fact,  in  most  instances,  the  lower  seams  where  operated,  are 
not  reached  by  deep  shafts  ;  thus  Saline  county  in  No.  5,  which  is  one 
of  the  low  seams,  or  again  in  No.  2  in  Jackson  county,  are  reached  by 
comparatively  shallow  shafts,  while  No.  6  seam,  the  poorest  in  qual- 
ity, is  operated  on  a  considerable  scale  by  shafts  deeper  than  700  feet. 
Thus  it  appears  conclusive  that  no  evidence  has  been  offered  contro- 
verting my  contentions.  Even  were  I  in  error,  tests  under  boilers 
could  not  be  depended  upon  to  show  it,  because  a  test  with  a  boiler  is 
something  in  which  so  many  variables  enter,  that  it  would  be  impossi- 
ble to  discover  the  influence  of  the  coal  itself,  or  determine  whether 
the  peculiarity  of  the  result  was  due  to  it  or  something  else ;  or  again, 
percentages"  of  moisture  or  ash  necessarily  present  themselves  as 
variable  and  for  this  reason  the  lots  of  coal  that  happen  to  have  been 
used  would  also  necessarily  be  variable.  The  only  way  to  show 
whether  or  not  I  am  in  error,  would  be  to  present  B.  t,  u.,  moisture 
and  ash  values  for  the  various  seams. 

The  matter,  however,  should  not  be  dismissed  without  some  de- 
tailed examination  of  his  tables  and  diagrams,  therefore  referring  to 
Table  No.  1,  it  appears  that  the  ash  given  for  La  Salle,  Franklin,  Wil- 
liamson and  Saline  counties,  and  the  moisture  for  Williamson  and 
Franklin  are  lower  than  other  counties ;  decidedly  so,  as  to  the  mois- 
ture content.  Again,  the  B.  t.  u.  is  superior  in  the  case  of  La  Salle, 
Franklin,  Williamson  and  Saline  counties.  It  is  these  counties  in 
which  the  lower  seams  are  operated,  and  instead  of  this  table  dis- 
proving my  statement,  it  is  more  in  the  nature  of  a  corroboration. 

Fig.  2  gives  a  higher  heating  power  value  in  the  northern  and 
southern  end  of  the  State  than  in  other  portions,  or  in  other  words, 
in  La  Salle,  Williamson,  Franklin  and  Saline  counties.  If  this  diagram 
shows  anything,  it  corroborates  my  statement. 

Fig.  3  indicates  a  rapidly  decreasing  moisture  content  going  South, 
which  is  in  accordance  with  my  claims. 

Fig.  4  shows  a  decidedly  lower  ash  percentage  in  the  North  where 
seam  No.  2  is  worked.  Likewise  a  lower  ash  content  in  the  southern 
end  compared  to  the  center  of  the  state. 

Diagram  No.  7  shows  a  moisture  content  much  lower  in  shallow 
shafts  than  in  deep  ones.  This  again  corroborates  my  contention  be- 
cause the  shallow  shafts  are  located  near  the  edge  of  the  basin  and 
reach  the  lower  seams,  more  especially  in  the  southern  part  of  the 
State. 

I  make  no  reference  to  some  of  the  other  diagrams  because  they 
can  have  no  bearing  on  the  question  at  issue.  For  example,  diagram 
No.  8  shows  ash  percentage  in  coal  as  fired  under  a  boiler,  from  mines 
of  different  depths.  The  fuel  used  in  these  tests  is  a  composition 
quite  different  from  that  present  in  the  seam  before  mining,  and 
might  just  as  well  be  offered  as  evidence  of  the  character  of  prepara- 
tion as  anything  else. 
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BOILER  CORROSION  AS  AN  ELECTROCHEMICAL  ACTION 

Prof.  C.  F.  Burgess,  University  of  Wisconsin. 

Presented  Before  the  Electrical  Section,  January  15,  1909. 

Iron  and  steel  under  most  influences  to  which  it  is  exposed,  undergo 
deterioration  in  various  ways.  The  most  prominent  type  of  de- 
terioration is  that  designated  as  corrosion. 

In  analyzing  the  causes  of  and  remedies  for  corrosion  we  are  drawn 
to  the  conclusion  that  the  term  corrosion  is  not  the  name  of  one 
disease,  but  it  is  a  generic  term,  covering  a  large  number  of  diseases 
with  which  iron  may  be  afflicted. 

The  particular  uses  to  which  iron  is  put  has  a  marked  influence 
on  the  kind  of  corrosion  which  it  will  develop.  Thus  we  have  cer- 
tain diseases  contracted  by  iron  pipes  through  association  with  elec- 
tric railway  lines,  which  diseases  are  different  both  as  to  cause  and 
effect  from  those  encountered  in  steel  smoke-stacks.  We  have  one 
kind  of  corrosion  of  galvanized  fence-wire  which  is  different  from 
that  produced  by  iron  exposed  to  sea  water. 

Dr.  Cushman  of  the  Department  of  Agriculture  has  asserted  that 
all  kinds  of  corrosion  of  iron,  whether  it  be  on  pipes  buried  in  the 
city  of  New  York  or  on  the  plains  of  North  Dakota ;  of  fence  wire 
or  on  battle  ships,  is  due  to  one  and  the  same  cause — electrolytic 
action,  or,  galvanic  action,  as  it  is  more  commonly  termed. 

This  is  perhaps  a  radical  assertion,  but  it  is  one  to  which  we  can 
bring  much  experimental  data  and  information  in  support  of  its 
accuracy.  It  is  this  fact  that  furnishes  the  justification  for  presenting 
this  paper  on  iron  corrosion  to  the  Electrical  Section  of  the  Western 
Society  of  Engineers. 

Your  attention  is  being  called  particularly  to  corrosion  in  steam 
boilers,  and  to  the  possibility  of  its  being  due  to  electrolytic  action. 
If  this  be  true,  then  the  prevention  of  boiler  corrosion  becomes  a 
problem  worthy  of  study  by  electrically  trained  men. 

It  is  not  a  modern  idea  that  corrosion  in  steam  boilers  may  be 
attributable  to  electrolytic  action,  since  based  upon  this  supposition, 
we  have  the  frequently  suggested,  though  less  commonly  practiced, 
use  of  zinc  to  prevent  such  corrosion. 

The  influence  of  inequalities  of  temperature  and  of  galvanic  action 
resulting  from  this  and  other  causes,  have  been  classified  among 
those  which  are  considered  to  be  of  minor  importance,  but  it  is  upon 
these  factors  that  special  emphasis  is  to  be  paid  here,  due  to  the  be- 
lief of  the  writer,  founded  upon  experimental  observation,  that  if 
electrolytic  action  were  entirely  absent,  or  could  be  exactly  neutral- 
ized, there  would  be  practically  no  internal  boiler  corrosion  to  be 
encountered. 

To  produce  electrolytic  action,  we  must  have  an  electrochemical 
system,  consisting  of  two  different  metallically  conducting  electrodes 
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at  differences  of  electrical  potential,  and  making  contact  with  an 
electrolyte.  The  system  becomes  active  when  the  two  electrodes  are 
connected  together,  furnishing  a  metallic  path  as  well  as  an  elec- 
trolytic path  for  the  flow  of  current.  It  is  a  fundamental  law  of 
electrolysis  that  the  anode  is  subjected  to  an  oxidizing  action  and 
the  cathode  to  a  reducing  action.  The  oxidation  at  the  anode  must 
be  considered  in  its  general  sense,  that  is,  the  union  of  the  metal 
with  oxygen  or  some  other  electro-negative  element  or  radical.  The 
result  of  this  oxidation  may  be  the  formation  either  of  a  soluble  or 
an  insoluble  material,  and  without  taking  up  a  detailed  consideration 
of  the  factors  which  influence  this  solubility  or  insolubility  of  the 
resultant  product,  it  may  suffice  to  state  that  iron  as  an  anode  in 
waters  commonly  employed  for  boiler  purposes,  and  with  the  low 
current  densities  which  are  encountered,  the  iron  will  form,  in  the 
main,  soluble  products,  such  as  iron  chloride,  sulphate,  nitrate,  and 
the  like. 


Fig.  1.     Pitting  of  a  Boiler  Tube 

In  the  locomotive  boiler  which  will  be  taken  as  our  typical  case  for 
examination,  we  have  one  continuous  metallic  structure  enclosing  a 
body  of  water  which  constitutes  an  electrolytic  conductor.  To  find 
in  such  a  boiler  an  electrochemical  system,  we  must  find  differently 
charged  electrodes  which  are  in  metallic  contact.  That  there  are 
such  various  combinations  will  be  pointed  out. 

Any  metallic  conductor  making  contact  with  an  electrolytic  con- 
ductor sets  up  at  such  point  of  contact  a  potential  difference,  the 
amount  depending  upon  the  nature  of  the  two  conductors.  Thus  we 
have  zinc  setting  up  a  higher  potential  against  the  solution  than  will 
iron  against  that  same  solution,  and  were  these  two  metals  to  be 
brought  into  metallic  contact,  electrolytic  action  will  result,  the  cur- 
rent being  proportional  to  this  difference  of  potential  and  inversely 
as  the  resistance,  providing,  of  course,  there  is  no  polarization  to  act 
contrary  to  the  primary  electro-motive  force. 

In  the  electrochemical  series  of  elements  we  have  a  classification 
of   materials   according  to   the   potentials   which   they   will   set   up. 
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the  electro-positive  ones  becoming  the  anode  as  against  any  substance 
lower  in  the  series.  With  a  piece  of  zinc  in  contact  with  iron  and 
a  common  electrolyte  in  contact  with  both,  the  zinc  becomes  the 
anode  and  subject  to  corrosion,  and  tlje  more  electro-negative  iron 
becomes  the  cathode,  and  is  thereby  protected  from  corrosion.  On 
the  other  hand,  with  a  particle  of  carbon  or  cinder  or  other  material 
electro-negative  to  iron,  the  iron  becomes  the  corroding  anode  ma- 
terial, and  it  is  upon  this  basis  that  the  common  explanation  is  given 
for  the  production  of  certain  pitting  attributable  to  the  presence  of  a 
small  particle  of  cinder  or  black  oxide  scale  or  similar  material  which 
makes  the  iron  immediately  around  it,  the  anode. 

It  is  not  an  uncommon  boiler  practice  to  insert  a  copper  ferrule 
between  the  tube  and  the  tube  sheet  to  insure  a  tight  joint.  This 
constitutes  a  voltaic  couple,  the  portion  of  the  copper  in  contact 
with  the  boiler  constituting  a  cathode  and  the  surface  of  the  iron  in 
its  neighborhood  the  anode. 

To  have  other  electrolytic  couples  it  is  not  necessary  to  assume  the 
presence  of  such  other  electro-negative  metal  or  to  the  influence  of 
embedded  cinders  or  carbon,  or  to  the  segregation  of  impurities  in 
the  iron.  Iron  itself  may  set  up  such  couples,  depending  upon  its 
previous  physical  treatment,  pressure  of  strains,  and  inequality  of 
temperature. 

Upon  a  suggestion  from  Mr.  Walter  Alexander,  of  the  Motive 
Power  Department  of  the  Milwaukee  shops,  C.  M.  &  St.  P.  Ry.  Co., 
some  investigations  were  begun  about  two  years  ago  in  the  chemical 
engineering  laboratories  of  the  University  of  Wisconsin,  to  study 
some  of  the  peculiar  types  of  corrosion  which  are  encountered  in  the 
practical  operation  of  locomotive  boilers. 


Fig.  2.     Grooving  of  a  Boiler  Tube 

The  peculiar  types  of  corrosion  to  which  attention  was  particularly 
called  were  pitting  of  tubes,  most  frequently  found  on  the  lower  side 
of  the  bottom  tier  of  tubes;  also  the  grooving,  found  most  generally 
just  within  the  tube  sheet  at  the  front  end  of  the  boiler. 
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After  a  large  amount  of  preliminary  work  which  need  not  be  de- 
scribed here,  marked  evidence  was  found,  tending  to  support  the 
supposition  that  electro-motive  forces  are  developed  within  boilers, 
due  to  the  inequalities  of  temperature  between  tubes  and  shells,  and 
also  that  such  electro-motive  forces  were  of  sufficient  magnitude  to 
cause  the  passage  of  enough  electric  current  to  produce  appreciable 
corrosion  within  a  short  time. 

It  was  found  that  the  electro-motive  forces  varied  with  the  kind 
of  feed-water  employed,  and  with  varying  conditions  within  the 
boiler;  and,  naturally,  the  variations  in  the  electric  currents  which 
were  established,  varied  in  greater  degree,  due  to  the  varying  elec- 
trical conductivity  in  different  kinds  of  feed  water. 

It  appeared  desirable  to  conduct  these  electrical  measurements  upon 
a  locomotive  boiler  under  actual  conditions  of  service,  but  such  tests 
have  had  to  be  postponed  until  laboratory  investigations  had  been 
made,  and  it  is  hoped  that  the  larger  scale  investigations  will  be  con- 
ducted during  the  coming  year. 


Fig.  3.      Apparatus  for  Studying  Boiler  Corrosion 

The  latest  type  of  laboratory  apparatus  upon  which  most  of  the 
observations  have  been  made  is  illustrated  in  Fig.  3.  This  consists 
of  an  iron  pipe  "A,"  7  inches  in  diameter,  and  17  inches  long,  closed 
by  iron  caps  screwed  on  the  ends.  "B"  and  "B1"  are  stuffing  boxes, 
placed  below  the  center  of  the  caps  through  which  the  pipe  "P" 
passes.  The  purpose  of  this  stuffing  box  is  to  insulate  the  pipe  from 
the  steel  cylinder,  at  the  same  time  allowing  this  joint  to  stand  a 
high  steam  pressure.  Asbestos  packing  was  found  to  serve  this  pur- 
pose admirably.  The  cylinder  was  fitted  with  a  steam  gauge  and 
steam  cock  for  the  release  of  pressure,  and  another  opening  for  the 
introduction  and  drawing  off  of  water  and  sediment.  Heat  was 
applied  to  the  apparatus  by  means  of  a  blast  flame  inside  of  the 
smaller  tube. 

Electrical  connections,  L.  L.,  were  made  between  the  inside  and 
outside  tubes  through  the  electrical  measuring  instruments,  consist- 
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ing  of  a  mil-ammeter  and  a  mil-voltmeter.  A  large  number  of  tests 
were  made  by  means  of  this  apparatus,  employing  various  kinds  of 
boiler  water  and  operating  under  a  variety  of  conditions  as  regards 
pressure,  rapidity  of  heating,  cleaning  out  of  the  apparatus,  etc. 

In  each  of  the  test  runs  which  will  be  described  here,  the  inner 
tube  and  the  interior  of  the  larger  tube  were  thoroughly  cleaned 
prior  to  each  run  or  series  of  runs  on  a  given  feed  water.  There 
was  introduced  each  time  6,000  c.  c.  of  water,  always  leaving  a  given 
gas  space  of  a  volume  of  equivalent  about  2,000  c.  c. 

The  experimental  work,  and  the  compilation  of  results,  was  done 
by  Mr.  J.  H.  Thickens. 

The  various  test  runs  which  are  referred  to  here  are  designated 
by  Nos.  12,  13,  14,  15,  16,  17,  18,  19,  24  and  25.  The  results  of 
the  tests  are  given  without  attempting  to  explain  all  of  the  features 
or  peculiarities  noted  in  connection  with  the  data  obtained.  This 
lack  of  explanation  we  shall  have  to  attribute  to  inability  rather  than 
to  neglect,  and  it  is  hoped  that  further  investigation  which  is  to  be 
carried  on,  and  that  suggestions  which  may  be  offered  by  others 
interested  in  this  work,  may  make  it  possible  to  bring  about  a  clearer 
understanding  of  the  various  phenomena  which  are  involved. 

As  to  test  No.  12,  curves  are  given  which  show  the  variation  of 
current  between  the  inner  and  outer  tube  with  variations  in  time, 
temperature  and  steam  pressure  within  the  experimental  boiler.  Dis- 
tilled water  was  employed,  contairmg  3  grams  of  amidol  as  a  reduc- 
ing agent,  to  the  6,000  c.  c.  of  solution.  The  distilled  water  em- 
ployed in  these  and  other  experiments  was  produced  under  conditions 
such  that  it  became  aerated,  and  the  presence  of  air  is  undoubtedly 
an  important  factor.  Upon  introducing  the  water  it  was  noted  that 
there  was  a  momentary  flow  of  current  of  0.075  amperes,  which,  dur- 
ing the  first  few  minutes  decreased  rapidly  and  then  more  slowly, 
falling  to  0.0085  amperes  at  the  end  of  260  minutes.  The  initial  elec- 
tro-motive force  which  caused  this  flow  of  current  may  perhaps  be 
attributed  to  differences  in  the  composition  or  previous  treatment  of 
the  iron,  constituting  the  inner  and  outer  tube  respectively,  and  the 
decrease  of  the  current  which  is  here  noted,  may  be  due  to  polariza- 
tion effect,  both  at  the  anode  and  at  the  cathode. 

In  all  of  the  curves,  it  is  to  be  noted  that  the  current  and  electro- 
motive force  when  plotted  above  the  base  line,  indicate  that  the  inner 
tube  is  the  anode,  while,  when  they  fall  below,  indicate  that  the  outer 
tube  is  the  anode. 

At  the  end  of  260  minutes,  heat  was  applied  to  the  inner  tube  and 
the  current  rapidly  increased  to  a  maximum  of  0.067  amperes, 
which  maximum  point  was  reached  somewhat  before  the  maximum 
steam  pressure  of  100  lbs.  per  sq.  in.  had  been  attained.  After  this 
the  current  fell  off,  rapidly  at  first  and  then  more  slowly,  until  after 
440  minutes  the  source  of  heat  was  removed,  when  the  current  rose 
for  an  instant  and  then  fell  off  more  rapidly. 

It  does  not  appear  from  these  curves  that  the  amount  of  current 
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Test  12. 


Curves  showing  variation  in  Electric  Current  with  changes  in 
Temperature  and  Steam  Pressure. 
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is  a  function  of  the  temperature  alone  or  of  the  differences  of  tem- 
perature, but  it  appears  that  it  is  also  dependent  upon  the  amount  of 
some  constituent  in  the  electrolyte  itself. 

In  test  No.  13,  6  grams  of  pyrogallic  acid  were  added  to  the  dis- 
tilled water,  and  values  of  both  the  current  and  the  open  circuit  elec- 
tro-motive force  were  obtained  during  the  progress  of  the  test.  In 
this  case,  after  the  heat  was  applied,  the  current  and  electro-motive 
force  attained  maximum  values  considerably  before  the  maximum 
steam  pressure  was  reached  and  the  values  then  decreased  rapidly, 
until  they  became  almost  negligible. 


Test  13.      Showing  effect  of  Acid  in  the  Electrolyte,  on  the  Current  and  Electro- 
motive force. 

Test  No.  14,  was  similar  to  test  No.  13,  with  the  exception  that 
distilled  water  alone  was  employed,  and  in  this  we  have  values  of 
electro-motive  force  similar  to  those  in  the  previous  experiment,  but 
the  corresponding  amounts  of  current  were  materially  less,  due  prob- 
ably to  the  decreased  conductivity  of  the  solution.  In  this  experi- 
ment the  steam  pressure  was  not  kept  at  a  constant  value,  but  was 
allowed  to  vary  through  a  wide  range  to  determine  what  influence, 
if  any,  the  steam  pressure  might  have  on  the  current  and  electro- 
motive force  values.  The  conclusion  seems  to  be  that  there  is  little, 
if  any,  such  influence. 
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Test.   14.      With    Distilled   Water,    Showing    Varations   in  Current    and   Electro- 
motive Force. 

To  test  the  influence  of  an  oxidizing  agent  in  the  electrolyte  was 
the  purpose  of  test  No.  15,  for  which  a  solution  containing  40  c.  c. 
of  3%  hydrogen  peroxide  were  added.  This  solution  was  found  to 
be  slightly  acid.  The  increased  corrodibility  of  this  solution  is 
shown  by  the  increase  of  current  and  electro-motive  force  curves. 

That  the  corrosion  is  proportional  to  the  area  included  in  the 
current  curve,  and  that  such  corrosion  results  in  a  diminution  in 
the  corroding  agent,  is  shown  by  test  No.  16,  which  is  a  repetition 
of  No.  15,  in  which  the  apparatus  was  allowed  to  cool  down  and 
stand  for  16  hours  before  beginning  this  test,  the  same  solution  as 
used  in  test  No.  15  being  kept  in  the  apparatus.  The  current  in  this 
case  was  much  smaller  than  in  the  previous  run.  After  cooling  down 
and  again  heating,  the  current  curve  is  still  smaller. 

In  test  No.  17,  distilled  water  was  used,  containing  1.82  grams  of 
soda  ash  to  the  6,000  c.  c.  of  water.  This  is  equivalent  to  about  I 
pound  per  thousand  gallons,  and  is  an  amount  frequently  used  in 
locomotive  boiler  practice. 

The  most  noticeable  influence  of  the  effect  of  this  soda  ash  is  to 
increase  the  conductivity  of  the  electrolyte  and  thus  increase  the 
current  flow,  although  it  is  also  noted  that  the  electro-motive  force  is 
somewhat  higher  than  is  found  with  the  untreated  distilled  water. 
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Test  15.     Showing  Effect  of  an  Oxidizing  Agent  in  the  Electrolyte  on   Current 

and  on  Electro-motive  Force. 
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Test  16.     Repetition  of  No.  15,  with  Rest  Interval,  Cooling  off  Apparatus. 
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Test  17.     Water  made  Alkaline,  with  Soda  Ash,  showing  Increase  of  Current  and 

Electro-motive  Force. 
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Test  18.     Repetition  of  No.  17,  with  Rest  Interval,  Cooling  off  Apparatus. 
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Test  19.     Repetition  of  No.  17,  and  No.  18,  with  longer  Interval  for  Cooling  off. 

Test  No.  1 8,  is  a  continuation  of  No.  17,  after  the  apparatus  had 
been  allowed  to  remain  short  circuited  40  hours,  and  again  applying 
the  heat.  This  would  correspond  to  the  practical  condition  where 
a  locomotive  boiler  containing  this  kind  of  feed  water  is  allowed  to 
cool  off  and  is  again  brought  up  to  normal  steam  pressure.  The 
first  half  of  the  current  curve  in  No.  18  shows  that  the  inner  tube 
now  becomes  the  cathode,  and  such  electrolytic  corrosion  as  there 
may  be,  is  on  the  outer  shell  of  the  boiler.  On  allowing  the  steam 
pressure  to  fall  off  by  standing,  but  not  waiting  for  it  to  become  cold 
and  then  applying  heat,  the  current  is  found  to  be  materially  less,  and 
this  may  perhaps  be  attributed  to  the  fact  that  in  the  second  por- 
tion of  the  curve  the  temperature  differences  were  less  than  in  the 
first  curve. 

That  this  diminution  is  due  to  a  diminution  in  temperature  dif- 
ferences rather  than  to  the  consumption  of  some  element  in  the  so- 
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lution,  is  shown  from  test  No.  19,  where  the  apparatus  and  solution 
used  in  test  No.  18  had  been  allowed  to  stand  17  hours,  when  the 
test  was  again  repeated.  In  this  case  the  negative  current  values  are 
greatly  increased. 

Test  No.  24,  shows  the  influence  of  the  introduction  of  barium 
hydrate  on  lake  water ;  and  test  No.  25,  is  a  repetition  of  the  former 
test  after  the  same  solution  in  the  apparatus  had  been  allowed  to 
remain  for  three  hours,  the  circuit  being  opened.  On  repeating  the 
heating  operation  the  current  decreased  until  it  became  negative,  and 
the  inner  tube  became  the  cathode,  as  was  the  case  in  a  more  marked 
degree  with  the  soda  ash  solution. 


/?jp  /^         nli         '  i't)>>         *§o 

Test  24.     Water  made  Alkaline,  with  Barium  Hydrate. 

Among  the  striking  factors  for  which  no  explanation  is  offered, 
we  may  mention  test  No.  14,  in  which  there  is  a  momentary  decrease 
in  the  current  and  electro-motive  force  just  after  the  heat  is  applied, 
which  is  also  shown  in  tests  Nos.  15  and  16.  Again  on  shutting 
off  the  gas  there  is  a  critical  point  in  the  curves  in  tests  Nos.  12,  14, 
15,  17,  18,  19,  21  and  25. 

It  is  known  that  if  the  apparatus  had  not  been  cleaned  out  prior 
to  each  test,  different  relationships  would  have  been  shown,  and  the 
oxidation  scale  which  forms  on  the  inner  tube  is  undoubtedly  an 
important  factor.  In  most  cases  this  scale  consisted  of  a  firmly  ad- 
herent black  oxide,  but  in  the  case  of  the  use  of  sodium  carbonate, 
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where  the  inner  tube  was  the  cathode,  the  coating  consisted  of  a 
loosely  adherent  brown  oxide  rust. 

In  most  of  the  tests,  the  character  of  the  corrosion  on  the  inner 
tube  was  similar  to  the  corrosion  observed  in  locomotive  boiler 
tubes.  Incipient  pitting  was  noted  along  the  tube  and  especially  in 
the  lower  portion.  A  marked  pitting  and  grooving  was  also  observed 
at  the  ends  of  the  tubes. 


/{iO 


Test  25.     Repetition  of  No.  24,  same  Electrolyte,  but  Cooled  off. 

It  is  of  course  appreciated  that  absolute  conclusions  cannot  be 
drawn  from  a  small  experimental  apparatus  such  as  has  been  de- 
scribed, as  to  what  will  take  place  in  large  boilers,  but  these  experi- 
ments do  demonstrate  the  possibility  of  marked  electrolytic  action. 
It  is  possible  that  we  have  a  demonstration  of  the  conclusion  which 
is  drawn  from  practice  in  boiler  operation  that  repeated  heating  and 
cooling  promotes  corrosion,  and  that  corrosion  is  greatly  influenced 
by  the  quality  of  the  water  as  regards  purity  and  the  "compositions" 
which  are  used  for  the  prevention  of  scale. 

We  believe  that  in  a  small  experimental  apparatus  of  this  sort, 
the  qualitative  and  quantitative  influence  of  various  kinds  of  feed 
water  can  be  studied,  the  results  being  procurable  in  a  short  time. 
If  we  may  draw  conclusions  from  some  of  the  experimental  runs 
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which  we  have  made,  one  of  them  is  to  the  effect  that  the  presence 
of  sodium  carbonate  in  considerable  quantity,  will  result  in  the  heated 
tubes  becoming  the  cathode,  and  consequently  free  from  corrosion, 
the  corrosion  being  on  the  other  portions  of  the  boiler  ;  this  we  under- 
stand, agrees  with  actual  experience  in  certain  sections  of  the  country 
where  an  excess  of  sodium  carbonate  is  found  in  the  boiler  feed 
water  employed. 

If  electrolytic  action,  maintained  by  differences  in  temperature, 
is  responsible  for  a  major  or  even  a  large  portion  of  boiler  corro- 
sion, the  remedy  must  naturally  be  found  in  means  for  preventing 
such  electrolytic  action,  and  it  becomes  therefore  largely  an  elec- 
trical problem.  Looking  at  the  various  possibilities  from  the  elec- 
trical point  of  view,  we  have  the  following  considerations.     Electro- 
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Fig.  4.      Strained  Swedish  Iron  (800  diameters) 

lytic  action  can  be  prevented  if  the  solution  be  made  a  non-conductor, 
which  of  course  is  impossible  from  the  practical  point  of  view, 
since  aside  from  cost,  even  distilled  water  is  known  to  possess  ap- 
preciable conductivity.  Another  method  for  interrupting  the  flow 
of  current  would  be  to  prevent  those  parts  of  the  metallic  structure 
which  are  heated  and  therefore  electro-positive,  from  making  metal- 
lic contact  with  the  other  portions  of  the  metallic  structure.  In  other 
words, — if  the  tubes  tend  to  corrode,  the  remedy  would  be  to  use  an 
insulating  packing  where  the  tubes  pass  through  the  tube  sheet.  This. 
again,  appears  to  be  impractical.  Attention  may  be  given  to  reducing 
the  electro-motive  forces  as  far  as  possible,  and  improvement  may  be 
effected  in  this  direction  by  a  study  of  the  influence  of  various  com- 
positions in  the  boiler  water,  and  that  this  electro-motive  force  is  sub- 
ject to  a  certain  amount  of  control  is  shown  by  the  fact  that  we  can 
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reverse  the  directions  of  the  flow  of  current  by  .varying  the  com- 
positions of  the  water.  It  does  not  appear  however,  that  any  solution 
which  might  be  discovered  which  would  set  up  low  electro-motive 
forces,  would  be  in  stable  equilibrium. 

We  may  note  the  more  important  suggestion,  that  the  electro- 
motive forces  be  so  distributed  that  the  current  flows  in  a  direction 
such  as  to  protect  the  more  vital  portions  of  the  boiler, — that  is,  by 
making  such  portions  of  the  boiler  the  cathode,  the  corrosion  is  pre- 
vented. This  has  been  done  by  the  use  of  zinc, — a  metal  which  is 
highly  electro-positive  with  respect  to  the  iron  and  which,  in  contact 
with  iron  and  the  electrolyte,  will  make  such  iron  the  cathode.  This 
protection  is  offered  only  at  the  expense  of  the  consumption  of  the 
zinc,  and  many  boiler  users  object  to  this  remedy  on  account  of  the 
cost  of  the  zinc,  the  difficulty  of  properly  distributing  it  in  the  boiler 
and  making  metallic  contact  therewith,  to  the  rapid  disintegration  of 
the  zinc,  and  to  the  alleged  harmful  effects  which  zinc  oxide  has  as  a 
scale-forming  material. 


Fig.  5.     Corroded  Torsion  Specimens 

A  proposition  which  is  not  entirely  new,  though  I  believe  one 
which  has  not  been  given  sufficient  trial  in  practice,  is  to  employ 
some  other  anode  material  which  will  not  have  the  disadvantageous 
properties  of  zinc,  and  maintaining  this  as  the  anode,  not  by  the 
energy  which  it  possessed  in  itself,  but  from  energy  derived  from 
an  external  force.  For  example,  if  an  iron  bar  be  made  to  take  the 
place  of  one  of  the  fire  tubes  in  the  locomotive  boiler  by  passing  it 
through  the  tube  sheet  by  an  insulating  packing.     This  might  be 
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made  the  anode,  and  all  of  the  internal  corrosion  centered  upon  it 
by  connecting  it  externally  to  the  positive  terminal  of  a  source  of 
electrical  energy,  such  as  a  battery  or  small  dynamo,  the  negative  of 
which  is  connected  to  the  boiler  structure.  If  such  anode  could  be 
properly  placed,  it  is  possible  that  protection  could  be  afforded  with 
the  consumption  of  a  small  amount  of  electrical  energy,  in  fact,  an 
electro-motive  force  greater  than  one-half  volt  would  probably  not 
have  to  be  employed  and  the  current  density  could  in  all  probability 
be  kept  at  a  very  low  figure.  This  is  not  given  with  the  claim  that 
it  will  cure  boiler  corrosion,  but  rather  as  an  expedient  which  is 
worthy  of  further  investigation. 

In  the  experiments  which  have  here  been  described,  electro-motive 
forces  of  measurable  magnitude  have  been  found,  but  further  experi- 
mental work  will  have  to  be  performed  before  the  source  or  sources 
of  these  electro-motive  forces  can  be  accurately  located.  In  measur- 
ing the  potential  difference  between  two  electrodes  we  have  the 
summation  of  two  potentials,  that  at  the  anode  and  that  at  the 
cathode,  and  the  electro-motive  forces  which  are  referred  to  in"  this 
paper  are  such  summations.  A  decrease  in  electro-motive  force 
may  be  due  to  change  in  the  contact  potentials  against  the  electrolyte 
of  the  metals  themselves,  or  it  may  be  due  to  polarization  phenomena, 
caused  by  the  liberation  of  hydrogen  or  some  other  material  at  the 
cathode,  and  by  the  liberation  of  oxygen  or  some  similar  material  at 


Fig.  6.     Corroded  Tension  Specimens 

the  anode.  These  polarization  phenomena,  oppose  electrolytic  corro- 
sion, and  any  factor  which  reduces  the  polarization  will  therefore  pro- 
mote corrosion.  It  is  an  idea  commonly  held  that  the  presence  of 
free  oxygen  in  water  is  harmful  in  steam  boilers  in  that  it  unites  with 
the  iron,  resulting  thereby  in  its  corrosion,  but  Dr.  W.  II.  ^Yalker 
has  pointed  out  with  special  emphasis,  the  important  fact  that  free 
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oxygen  promotes  corrosion,  not  by  uniting  with  the  iron,  but  by 
uniting  with  the  hydrogen  liberated  at  the  cathodic  portions  of  the 
metallic  structure.  The  oxygen  uniting  with  the  hydrogen,  reduces 
the  polarization  at  one  place,  and  thereby  promotes  the  corrosion  of 
iron  at  another.  Any  other  oxidizing  agent  in  the  electrolyte  may  be 
assumed  to  act  in  a  similar  manner.  Likewise,  a  reducing  agent 
dissolved  or  otherwise  diffused  throughout  an  electrolyte  may  have  a 
depolarizing  action  at  the  anode. 


Fig.  7.     Corroded  Punched  Plate 

To  obtain  a  more  definite  and  clearer  idea  of  the  electrolytic 
phenomena  herein  described,  it  is  desirable  to  study  the  changes  in 
single  potential  at  the  separate  electrodes ;  that  is,  the  potential 
changes  between  the  inner  tube  and  the  electrolyte  should  be  noted 
as  the  temperature  and  other  conditions  are  varied,  and  a  similar 
study  should  be  devoted  to  the  outer  tube,  corresponding  to  the  boiler 
shell.  This  can  be  done  by  employing  a  so-called  normal,  or  con- 
stant, potential  electrode. 

That  there  are  galvanic  couples  other  than  those  produced  by  dif- 
ferences of  temperature  has  been  pointed  out,  and  some  illustrations 
are  given  here  to  show  the  influence  of  some  of  these  factors. 

It  has  long  been  known  that  iron  and  steel  which  has  been  strained 
beyond  the  elastic  limit  has  its  internal  energy  changed,  which 
thereby  sets  up  a  different  potential  toward  an  electrolyte  than  would 
a  normal  metal.  Quantitative  effect  of  this  straining  is  discussed 
in  "The  Corrosion  of  Iron  from  the  Electrochemical  Standpoint,''' 
— Transactions  of  the  American  Electrochemical  Society,  April  30, 
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Fig.  8.     Corroded  Punchings 

1908.  A  microscopic  section  of  a  pure  Swedish  iron  is  shown 
in  Fig.  A,  which  has  been  strained  beyond  the  elastic  limit.  The 
groove  lines  running  across  the  grains  are  the  result  of  this  straining, 
these  grooves  having  been  produced  by  the  more  rapid  attack  by  a 
corroding  agent  than  is  produced  on  the  remaining  portions  of  the 
metal.  That  this  uneven  corrosion  is  not  alone  a  microscopic  phenom- 
enon is  shown  by  Figs.  5  and  6,  which  are  photographs  from  samples 
of  mild  steel  which  had  been  strained  either  by  tension  or  torsion, 
and  then  ground  down  to  uniform  cylindrical  surface  and  subse- 
quently corroded,  either  by  making  it  an  anode  or  by  using  a  cor- 
rosive solution.  That  the  strained  portion  has  been  the  more  elec- 
tro-positive is  shown  by  the  more  rapid  removal  of  the  iron  from 
the  strained  portion  than  from  the  unstrained. 

In  boiler  practice  a  drilled  rivet  hole  is  preferable  to  a  punched 
one,  in  that  the  drilling  does  not  weaken  the  surrounding  metal.  One 
of  the  causes  of  weakness  of  the  surrounding  metal  by  punching, 
are  the  strains  set  up  which  extend  some  distance  from  the  rivet  hole. 
Some  steel  plates  Y\  in.  thick  were  punched  cold,  the  holes  being  1 
in.  in  diameter.  These  were  subsequently  corroded  and  the  strain 
lines,  which  are  shown  in  Fig.  7,  were  brought  out.  Punchings  were 
likewise  corroded,  a  non-uniform  action  being  shown  in  Fig.  8. 

Thus  far  it  appears  that  comparatively  little  attention  has  been 
given  to  the  microscope  as  a  means  for  studying  the  corrosion  of 
iron  and  steel.  The  histology  of  iron  and  steel  has  been  shown  to 
have  great  importance  in  the  work  done  by  metallographists  during 
recent  years.  Their  attention  has  been  given,  however,  to  studying 
the  relationships  between  the  metallographic  structure  and  the  physi- 
cal properties.  When  we  look  at  some  of  the  photographs  of  micro- 
scopic sections  of  iron  and  steel  we  cannot  help  but  be  impressed 
with  the  possibility  of  the  existence  of  numerous  galvanic  couples, 
the  galvanic  action  resulting  from  which,  will  depend  upon  the  elec 
tro-motive  forces  set  up  by  the  different  metallographic  constituents. 
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Discussion. 

Prof.  P.  B.  Woodzvorth,  m.w.s.e.:  I  am  especially  pleased  with 
the  simplicity  and  directness  with  which  Prof.  Burgess  has  attacked 
this  very  important  problem.  It  seems  peculiar  that  in  the  advance- 
ment of  art  and  of  genuine  knowledge,  we  have  spent  centuries  in  dis- 
covering electrolytic  action,  and  now  that  it  has  been  discovered,  we 
are  using  all  our  energies  in  trying  to  stop  it. 

Mr.  W.  L.  Abbott,  m.w.s.e.:  I  regret  that  I  was  not  here  in  time 
to  hear  the  first  part  of  this  paper,  but  the  part  I  did  hear  was  of 
great  interest  to  me.  I  trust  the  paper  will  appear  in  print  so  that 
I  can  read  it  later  on.  It  has  always  been  a  puzzle  to  me  why  boiler 
sheets  and  tubes  should  persist  in  corroding  in  the  way  they  do ; 
why  a  groove  should  be  formed  next  to  a  seam  where.it  would  not 
be  noticed  without  careful  inspection ;  why  a  groove  is  cut  around  a 
rivet  edge  ;  and  why  sometimes  it  is  the  shell  and  sometimes  it  is  the 
tube.  Various  schemes  have  been  suggested  from  time  to  time  tj 
prevent  corrosion,  some  of  which  have  been  mentioned  this  evening. 
The  introduction  of  zinc  or  some  other  metal  in  the  boiler  shell  is 
sometimes  efficacious  and  sometimes  it  is  not. 

I  remember  at  one  time  a  scheme  was  proposed,  and  advocated 
very  strongly  under  an  alleged  patent  right,  to  put  some  mercury  in 
the  feed  water  pipe.  I  could  not  see  that  there  would  be  any  advan- 
tage in  this  and  the  people  that  proposed  it  did  not  give  any  reasons 
for  its  use.  The  mercury  was  not  consumed  but  remained  indefi- 
nitely in  the  pipe.  It  is  possible  that  under  some  conditions  the  pres- 
ence of  that  mercury  might  serve  to  prevent  an  electrolytic  action 
which  otherwise  would  have  taken  place. 

In  the  use  of  some  of  the  methods  which  have  been  proposed,  of 
changing  the  polarity  of  different  parts  of  the  boiler  by  the  use  of 
outside  sources  of  electro-motive  force  (outside  current)  I  should 
think  it  might  also  have  some  effect  upon  the  deposit  of  scale  in  the 
different  parts  of  the  boiler;  instead  of  being  deposited  on  the  tubes, 
it  might  possibly  be  deposited  on  the  shell,  or  vice  versa.  I  did  not 
notice  that  Prof.  Burgess  gave  the  electro-motive  force  which  was 
developed  in  the  shell  (or  couple)  and  I  would  be  interested  to  hear 
something  about  this. 

Prof.  Burgess:  I  regret  that  the  lantern  slides  did  not  come  out 
more  distinctly ;  they  were  intended  to  give  that  electro-motive  force. 
The  values  were  small.  I  think  the  maximum  was  not  more  than 
two  or  three  tenths  of  a  volt — usually  just  a  few  millivolts  :  the  cur- 
rent on  a  two  inch  tube  about  eighteen  inches  long  was  somewhere 
in  the  neighborhood  of  eighteen  or  twenty  milli-amperes.  -That  cur- 
rent is  enough  to. cause  a  perforation  of  the  tube  in  a  comparatively 
short  time.  If  the  auxiliary  electrode  has  to  carry  enough  current 
to  overcome  this  small  electro-motive  force,  it  is  evident  the  electro- 
motive force  necessary  for  such  current  is  rather  small.  The  sug- 
gestion   that    those    auxiliary    electrodes    might    have    an    influence 
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on  the  scale  question  is  of  interest  and  experiments  on  this  line  have 
been  carried  out.  I  have  attempted  to  repeat  some  of  those  experi- 
ments myself  but  fail  to  find  that  the  current  is  effective  in  prevent- 
ing scale  deposition.  The  formation  of  scale  is  probably  in  no  way 
associated  with  electrolytic  action. 

I  had  not  heard  of  the  use  of  mercury  in  boilers,  but  from  a 
theoretical  standpoint  it  appears  that  mercury  would  be  a  bad  thing 
to  get  into  the  boilers  and  would  promote  rather  than  prevent  corro- 
sion. 

Mr.  Abbott:  The  use  of  the  mercury  was  not,  as  I  recall  it,  to 
prevent  corrosion  but  to  prevent  the  formation  of  scale. 

I  should  like  a  little  more  information  as  to  what  kind  of  solutions 
make  the  tubes  electro-positive  and  electro-negative,  respectively.  I 
understand  from  the  diagrams  and  from  the  paper  that  locomotives 
using  certain  kinds  of  water  are  affected  by  corrosion  of  the  tubes 
and  with  other  kinds  of  water  the  shell  is  affected.  Do  your  terms 
indicate  that  by  changing  the  nature  of  the  water  you  can  change  the 
corrosion  from  one  to  the  other? 

Prof.  Burgess:  That  can  be  done.  Our  experiments  in  this  line 
are  incomplete,  but  with  materials  which  we  have  employed  we  have 
found  that  soda  ash  (when  sufficiently  concentrated)  and  barium 
chloride,  will  make  the  shell  corrode,  while  salt  or  magnesium 
chloride  and  any  acid  material,  will  reverse  the  action  and  make  the 
tubes  corrode.  I  understand  however  that  the  introduction  of  much 
soda  ash,  will  cause  foaming.  I  am,  in  fact,  seeking  information 
along  this  line  rather  than  trying  to  give  it. 

The  particular  section  of  the  country  where  the  tubes  were  found 
to  last  a  long  time,  was  in  Dakota  where  there  is  considerable  alkali 
in  the  water,  the  foaming  being  remedied  by  using  mineral  oil.  There 
appear  to  be  a  large  number  of  engineers,  who  claim  that  oil  is  a  bad 
thing  to  get  into  water  on  account  of  its  promoting  corrosion. 

Mr.  Abbott:  The  objection  to  oil  in  a  boiler  is  that  it  forms  a 
coating  on  the  metal  and  prevents  the  water  from  cooling  it.  I  have 
seen  cases  where  a  little  cylinder  oil  will  get  into  the  feed  water ;  it 
will  adhere  to  the  shell  and  the  shell  will  soon  be  overheated  and  bag, 
but  with  the  presence  of  soda  ash  there  is  a  tendency  to  neutralize 
each  other. 

Mr.  D.  IV.  Roper,  m.w.s.e.  :  I  should  like  to  inquire  what  is  the 
minimum  electro-motive  force  at  which  the  corrosion  will  take  place, 
if  there  is  such  a  minimum  point. 

Prof.  Burgess:  I  have  been  unable  to  find  that  there  is  such  a  point, 
when  two  iron  electrodes  are  in  contact  with  ordinary  corroding 
solutions.  It  takes  no  definite  value  of  electro-motive  force  to  set 
up  a  corroding  current.  Although  the  statement  is  frequently  made, 
that  it  takes  an  electro-motive  force  of  1.5  volts  to  produce  elec- 
trolysis in  iron  where  water  is  concerned,  this  claim  cannot  be 
verified  by  laboratory  test. 

Mr.  C.  Kcmble  Baldwin,  m.w.s.e.:     Have  you  noticed  in  connec- 
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tion  with  a  bridge  structure,  whether  corrosion  is  any  greater  on 
members  that  are  strained  excessively,  than  on  members  subject  to 
their  proper  stress? 

Prof.  Burgess:  There  are  cases  where  you  will  see  more  corrosion 
in  one  spot  than  in  another,  but  whether  such  spot  had  been  strained 
beyond  the  elastic  limit  is  something  which  it  is  difficult  to  determine. 
I  have  never  seen  any  cases  of  concentrated  corrosion  in  bridge 
structures  or  on  building-iron  which  can  be  definitely  ascribed  to 
straining  action.  There  are  cases  where,  in  the  laying  of  cable,  the 
iron  had  been  strained  and  at  such  points  the  corrosion  has  been  very 
much  more  marked  than  in  the  normal  iron.  I  do  not  think  of  any 
other  marked  instances  of  evidence  of  influence  of  strain  in  struc- 
tures. 

Mr.  Abbott:  There  is  one  other  point  that  I  wish  to  speak  about. 
I  believe  Prof.  Burgess  said  that  corrosive  solutions  were,  in  his 
experience,  either  acid  or  alkaline.  He  referred  to  the  use  of  dis- 
tilled water  to  prevent  such  corrosion.  We  find,  as  a  matter  of  fact, 
that  distilled  water  is  more  destructive  to  the  pipes  running  to  a 
boiler  than  anything  else.  In  a  system  of  piping  which  returns  con- 
densation from  the  pipes  to  the  boiler,  those  pipes  which  carry  the 
distilled  water  are  the  ones  which  give  way  first. 

Prof.  Burgess:  That  is  a  most  interesting  phenomenon.  It  is  a 
matter,  I  believe,  of  quite  general  observation  that  distilled  water  is 
hard  to  handle,  but  just  why  it  should  be  so,  is  difficult  to  explain. 
It  might  naturally  be  expected  that  pure  water,  comparatively  with- 
out acids  or  chemical  agents  would  be  non-corrosive.  One  explana- 
tion commonly  offered,  is  that  there  is  more  air  in  pure  water  than 
in  ordinary  water.  I  have  noted  in  Kent's  Handbook  that  distilled 
water  cannot  be  handled  in  boilers  without  mixing  with  it  a  certain 
amount  of  "bad"  water,  after  which  it  becomes  "good." 

Mr.  Abbott:  Distilled  water,  in  returning  to  the  boiler  has  no  op- 
portunity to  absorb  air.  It  is  said  that  iron  is  comparatively  easily 
soluble  in  very  pure  water,  but  I  do  not  know  that  this  has  anything 
to  do  with  electrolytic  action. 

Mr.  J.  L.  Hecht,  m.w.s.e.  :  Referring  to  the  pure  water  which 
causes  trouble  in  boilers  and  pipes,  I  have  found  that  in  hot  water 
heating  systems  a  combustible  gas  eventually  forms,  probably  mostly 
hydrogen.  On  opening  the  radiator  vent  it  is  possible  to  burn  that 
gas.  It  burns  with  a  very  blue  flame  for  perhaps  an  inch  or  more 
from  the  vent,  then  red  to  a  distance  of  6  in.  to  8  in. 

Prof.  Burgess:     If  it  is  combustible  gas  it  is  probably  hydrogen. 

Mr.  R.  F.  Schuchardt,  m.w.s.e.:  I  am  greatly  impressed  with  the 
value  of  the  paper  presented  this  evening.  It  is  fortunate  that  our 
leading  universities  can  and  will  permit  men  of  the  caliber  of  Prof. 
Burgess  to  devote  their  time  and  energy  to  problems  of  such  tre- 
mendous commercial  importance. 

The  present  day  is  often  called  the  "Age  of  Iron."  The  amount  of 
this  metal  used  in  a  single  month  at  the  present  time  is  more,  I  be- 
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lieve  than  was  used  in  the  entire  century  before  1850.  It  is  this  ex- 
tensive use  of  iron  which  is  making  the  progress  ot  civilization  at 
the  present  time  more  rapid  than  at  any  other  time,  in  the  history  ot 

man  I  feel  that  we  should  congratulate  ourselves  that  the  results  01 
this  pioneer  work  have  been  presented  to  us.  and  I  wish  to  move  a 
vote  of  thanks  to  Prof.  Burgess,  on  behalf  ot  this  Society,  tor  his 
valuable  and  interesting  paper. 
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Although  it  is  the  intention  in  this  address  to  deal  especially  with 
the  subject  of  protecting  paints,  and  to  adhere  to  this  subject  as 
closely  as  possible,  it  will  be  necessary  to  outline  to  you  in  a  brief 
way  some  of  the  scientific  investigations  that  have  led  up  to  the 
subject  of  rust  inhibition,  or  the  prevention  of  corrosion. 

The  United  States  government,  two  years  ago,  through  the  De- 
partment of  Agriculture,  started  a  series  of  tests  to  determine  the 
causes  of  the  rapid  corrosion  of  the  steel  wire  fences  used  by  the 
farmers  of  the  West  to  enclose  the  vast  acreage  of  pastures  and 
tillable  lands.  The  complaints  that  the  wire  fences  of  today  are 
found  to  corrode  in  less  than  one-fourth  the  time  of  the  fences  of 
twenty  years  ago  have  been  found  in  many  cases  to  be  true,  and  the 
farmers  and  ranchers  are  justified  in  their  demand  for  greater  lon- 
gevity for  wire  fencing. 

Dr.  Allerton  S.  Cushman  who  conducted  the  investigations  found 
that  the  absence  of  certain  impurities  in  the  old  time  Swedish  char- 
coal iron,  the  material  largely  used  for  wire  fencing  twenty  years 
ago,  was  responsible  for  the  rust  resistance  of  this  metal,  whereas 
the  steel  of  modern  times  contains  impurities  that  cause  its  rapid 
disintegration.  Modern  methods  of  steel  manufacture  necessarily 
demand  that  the  product  be  turned  out  in  vast  quantity  and  with 
rapidity,  thus  necessitating  the  use  of  materials  such  as  manganese. 
Such  methods  cannot  be  overthrown  at  once,  and  we  must  look  to 
the  metallurgist  for  a  solution  of  this  problem.  That  such  materials 
may  assert  a  destructive  action  on  the  steel  of  which  they  form  an 
integral  part,  there  can  be  no  doubt ;  the  difference  in  potential  of  the 
area  containing  manganese  in  excess,  to  the  potential  of  the  area  con- 
taining less  manganese,  causes  the  flow  of  an  electrical  current,  with 
the  consequent  effect  upon  the  solution  of  the  metal.  Marked  segre- 
gation of  the  impurities  is  another  factor  of  a  destructive  nature,  and 
causes  the  formation  of  pit-holes  which  are  of  great  danger. 

That  these  points  should  be  given  more  careful  consideration  was 
made  plain,  very  recently,  on  an  inspection  trip  to  the  tunnels  of  the 
Manhattan  and  Hudson  Co.  in  Hoboken,  Xew  Jersey.  Ten  cars  of 
one  steel  and  ninety  cars  of  another  steel,  that  had  been  in  service  for 
six  months,  were  brought  into  the  roundhouse  for  examination.  These 
cars  had  been  built  of  two  different  grades  of  steel,  but  they  were 
painted  at  the  same  time,  with  the  same  material  and  by  the  same 
workmen. 

The  conditions  in  the  tunnel  where  these  cars  had  been  operated 
were  most  trying.  Constant  seepage  caused  drippings  of  an  ex- 
tremely corrosive  nature  to  be  deposited  upon  the  cars'  surfaces,  and 
an  analysis  of  the  drip  showed  the  presence  of  15%  of  chloride  salts 
which  caused  rapid  acceleration  of  rust.    The  tunnel  drip  also  had  a 
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solvent  action  on  the  paint  coat  and  in  several  spots  the  drip  had 
completely  removed  the  paint.  The  atmosphere  in  the  tunnel  was 
rich  in  carbon  dioxide  and  high  in  moisture  containing  a  considerable 
quantity  of  salt. 

The  large  amount  of  rust  formed  on  the  edges  of  the  cars  could 
be  accounted  for  by  the  abrasion  of  road-bed  dust,  hurled  against 
these  vulnerable  parts  by  the  enormous  pressure,  and  consequent 
blast,  of  air  that  is  exerted  when  the  cars  are  running  at  full  speed  in 
the  tubes.  Another  condition  observed  was  the  appearance  of  a 
white  coating  of  salt  upon  the  surface  of  the  paint  after  the  cars  had 
been  in  operation  but  a  short  time. 

Subjected  to  these  trying  conditions,  some  of  the  cars  stood  the 
test  in  a  remarkable  manner,  while  other  cars,  made  of  a  different 
grade  of  steel,  were  in  very  bad  condition. 

The  points  of  corrosion  were  indicated  by  the  surface  being  cov- 
ered with  wart-like  concretions  which,  under  a  high  power  hand 
glass,  showed  the  presence  of  rust  forcing  through  the  paint  coat  and 
exposing  the  steel  to  direct  contact  with  the  air.  This  eczema  of  the 
iron,  although  general,  seemed  to  be  most  marked  in  certain  places, 
and  this  would  lead  to  the  conclusion  that  the  impurities  in  the  metal 
were  segregated. 

According  to  the  electrolytic  theory  of  corrosion,  certain  funda- 
mental principles  underlie  the  corrosion  of  iron. 
They  are,  briefly,  as  follows : 

That,  when  iron  is  in  contact  with  water,  there  will  be  a  transfer 
of  electricity  from  the  free  hydrogen  ions  of  the  water  to  the  iron 
ions  of  the  iron,  causing  the  solution  and  subsequent  oxidation  of 
the  metal. 

The  presence  of  impurities  having  a  difference  in  potential  to  that 
of  the  iron  in  which  they  are  contained,  and  the  uneven  distribution 
of  such  impurities,  increases  the  amount  of  electrical  action. 

We  are  indebted  to  Dr.  William  H.  Walker  for  the  most  recent 
research  on  the  function  of  oxygen  in  the  corrosion  of  iron,  who 
says, 

"That  the  film  of  hydrogen  deposited  on  the  metallic 
"iron  at  the  beginning  of  the  action  is  a  non-conductor  of 
"electricity  and  prevents  further  passage  of  the  current, 
"and  hence,  further  solution  of  the  iron.  Atmospheric 
"oxygen  removes  the  film  of  hydrogen  by  combining  with 
"it,  thus  'depolarizing'  the  iron  and  allowing  the  solution 
"of  the  iron  to  proceed.  When  once  in  solution  in  water, 
"this  dissolved  iron  is  also  oxidized  by  the  atmopsheric 
"oxygen  and  precipitated  as  rust ;  but  this  oxidation  is  in- 
cidental to,  rather  than  a  necessary  condition  of,  corrosion. 
"That  when  iron  is  in  contact  with  any  surface  on  which 
"this  combination  of  the  hydrogen,  set  free  from  the  water, 
"and  oxygen,  from  the  air,  will  take  place  more  easily  than 
"on  the  iron  itself,  such  as  copper,  bronze,  mill-scale,  etc., 
"corrosion  of  the  iron  will  be  accelerated  thereby." 
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Certain  compounds  are  of  such  a  nature  as  to  excite  electrical 
action,  and,  consequently,  stimulate  corrosion,  while  still  other  com- 
pounds are  of  such  a  nature  as  to  inhibit  or  prevent  corrosion. 

To  the  class  of  compounds  that  inhibit  corrosion  belong  bi- 
chromates of  the  alkaline  earth  metals,  these  salts  being  pre-eminent 
among  such  compounds.  It  has  been  found  that  salts  of  certain 
metals  may  be  precipitated  with  the  chrome  salts  to  produce  pig- 
ments which  afford  protection  for  the  steel  surfaces  to  which  they 
are  applied. 

The  results  of  a  series  of  investigations  into  the  rust  preventive 
nature  of  these  compounds  demonstrated  that  it  was  not  safe  to 
state  that  the  chromates,  as  a  class,  were  rust-inhibitives.  Quite  the 
reverse  is  true  of  many  of  these  products,  and  their  composition, 
method  of  preparation,  and  impurities  are  factors  which  influence, 
to  a  marked  degree,  their  value  as  protective  compounds.  Aside 
from  those  chromates  which  prevent  corrosion,  we  have  those  which 
act  in  an  inert  manner,  also  those  in  which  any  inhibitive  value  is 
overbalanced  by  the  effect  of  impurities,  showing  a  strong  stimulat- 
ing action  in  the  rusting  of  metal.  But  a  simple  test  will  show  in 
which  class  the  chromates  come. 

Turning,  therefore,  to  the  conservation  of  structural  iron  and  steel 
and  to  its  rust  inhibition  through  particular  coatings,  we  have  the 
problem  of  choosing  the  proper  materials  for  manufacturing  a  paint 
which  will  both  exclude  the  agencies  of  rusting,  and  which,  when 
moisture  and  gases  do  penetrate  the  coating,  will  inhibit  the  iron 
from  rusting ;  and  we  also  have  the  problem  of  giving  to  the  chemist, 
engineer  and  architect  some  simple  method  of  determining  whether 
any  given  paint  is,  in  at  least  a  rough  measure,  harmful,  safe  or 
beneficial. 

Some  pigments  largely  used  in  the  paint  industry,  and  of  value 
in  a  paint  for  protecting  lumber,  are  unjustifiable  in  a  paint  for  the 
protection  of  steel  and  iron.  For  example,  sulphate  of  calcium, 
which,  even  if  fully  hydrated,  has  been  shown  to  have  a  direct  stimu- 
lative action  upon  steel.  This  is  due  to  the  fact  that  calcium  sulphate, 
even  if  fully  hydrated,  is  somewhat  soluble  in  water,  and  when  the 
water  penetrates  the  coating  of  paint  it  carries  this  calcium  sulphate 
into  solution.  Owing  to  the  fact  that  calcium  sulphate,  in  solution, 
has  a  high  co-efficient  of  dissociation  (or,  in  other  words,  has  a 
tendency,  in  solution,  to  break  up  from  its  chemical  form  and 
identity),  we  get  the  reaction  of  the  liberated  sulphuric  acid  ions 
upon  iron  and  steel,  causing  corrosion. 

The  highest  types  of  paint  product  for  the  protection  of  iron  and 
steel,  therefore,  avoids  the  use  of  such  pigments  as  calcium  sulphate. 

Great  caution  must  be  used  in  selecting  iron  oxides  for  the  protec- 
tion of  iron  and  steel,  as  they  often  carry  traces  of  sulphates,  etc.,  as 
impurities. 

Venetian  red,  which  is  a  favorite  pigment,  and  which  is  of  value 
for  protecting  lumber,  is  made  by  calcining  green  vitriol  or  sulphate 
of  iron  (commonly  called  copperas)  in  the  ferrous  form,  in  the  pres- 
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ence  of  quick  lime.  The  resulting  mass  from  the  furnace  consists 
of  artificial  oxide  of  iron  and  sulphate  of  calcium,  produced  by  the 
metathesis  of  the  above  reacting  compounds. 

Unfotunately,  the  reaction  is  never  complete,  and  there  is  a  ten- 
dency towards  the  formation  of  free  sulphuric  acid. 

As  a  result,  we  have  all  the  bad  effects  with  Venetian  red  that  we 
find  in  the  use  of  calcium  sulphate,  and  also  the  extra  chance  of  cor- 
rosion due  to  free  and  aggressive  sulphuric  acid  present. 

It  is  true  that  there  are  some  artificial  oxides  of  iron  which  can 
with  safety  be  used,  as  for  instance,  artificial  black  magnetic  oxide 
produced  by  chemical  precipitation,  but,  as  a  general  proposition,  the 
natural  iron  oxides  should  be  used,  unless  it  is  absolutely  certain 
that  the  artificial  oxide  has  been  proven  safe. 

Ochres  are  not  meant  to  be  included  in  the  safe  class  in  the  above 
statements,  for  the  reason  that  ochre  is  an  extremely  impure  oxide 
of  iron. 

Recent  investigations  into  the  nature  of  pigments  have  revealed 
the  fact  that  they  may  be  divided  into  three  groups  and  termed 
"Rust-Inhibitives,"  "Inerts,"  or  "Rust-Stimulators."  The  nature  of 
the  pigment  itself,  or  the  nature  of  the  impurities  contained  within 
the  pigment,  are  factors  deciding  the  position  of  the  pigment  in  one 
of  the  three  groups  or  types  above  mentioned.  It  may  be  expected 
that  the  use  of  rust-inhibitive  pigments  in  paints  designed  for  the 
protection  of  steel  surfaces  will  give  to  such  a  paint  very  valuable 
properties.  Further  consideration  of  the  subject  will  aid  us  in  select- 
ing the  proper  pigments  for  such  a  purpose. 

In  order  to  ascertain  the  rust-inhibitive  value  of  all  pigments,  the 
Scientific  Section  was  commissioned  by  the  Bureau  of  Promotion 
and  Development  of  the  Paint  Manufacturers'  Association  to  erect 
a  fence,  having  several  hundred  steel  plates,  upon  which  to  try  out 
the  value  of  the  different  pigments  when  contained  in  an  oil  medium. 

The  American  Society  for  Testing  Materials  was  informed  of  the 
work  proposed  by  the  Scientific  Section,  and  Committees  E  and  U  of 
that  society  decided  to  cooperate  in  inspecting  and  supervising  the 
tests,  proper  specifications  to  be  drawn  up  by  the  committees  The 
members  of  these  committees  and  the  Scientific  Section  conducted 
laboratory  tests  that  served  as  a  check  upon  the  previous  investiga- 
tions and  gave  information  upon  which  to  base  the  main  field  tests. 
The  plates  used  for  the  tests  were  rolled  from  three  kinds  of  metal — 
ordinary  open-hearth  structural  steel,  ordinary  Bessemer  low  carbon 
steel,  and  pure  ingot  iron.  In  this  way  was  secured  data  relating  to 
the  resistance  to  corrosion  of  certain  metals  when  tested  out  simul- 
taneously with  others.  The  steel  plates  were  painted  in  two  ways,  part 
of  them  being  scratch-brushed  in  the  ordinary  way  before  painting, 
thus  following  out  the  usual  mode  of  painting  structural  steel,  and 
part  of  the  plates  being  pickled  in  sulphuric  acid,  in  order  to  com- 
pletely remove  the  scale,  and  the  plates  were  subsequently  washed 
with  lime  so  that  all  traces  of  the  acid  were  neutralized. 

The  test  was  conducted  in  a  thoroughly  systematic  and  practical 
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manner,  following  out  the  methods  employed  during  the  tests  already 
made  at  Atlantic  City  and  Pittsburg.  The  Master  Painters'  Asso- 
ciation co-operated  in  the  work  and  gave  us  the  benefit  of  their 
practical  experience  in  this  line.  Inspectors  and  painters,  represent- 
ing the  committees  and  sections,  were  upon  the  ground  throughout 
the  period  during  which  these  tests  were  made. 

It  has  been  proven  that  corrosion  generally  takes  place  under 
normal  conditions  in  an  uneven  manner,  and  pitting  is  evident 
at  certain  weak  spots  on  nearly  every  grade  of  steel  or  iron, 
in  a  lesser  or  greater  degree.  From  these  spots  the  corrosion  pro- 
ceeds and  develops  upon  the  surrounding  area.  The  corrosion  at  the 
start,  where  the  pitting  begins,  is  so  extreme  in  some  cases  that  holes 
are  formed,  of  considerable  depth,  before  the  surrounding  surface 
is  attacked  to  any  marked  extent.  The  causes  of  this  pitting  have 
been  fully  explained  by  the  electrolytic  theory.  This  theory  over- 
throws the  former  theories  which  were  held,  regarding  corrosion. 
The  carbonic  acid  theory,  for  instance,  held  by  Calvert,  supposed  that 
carbonic  acid  attacked  the  iron,  converting  it  into  carbonate,  and  the 
cabonate  being  oxydized  to  hydrate  or  ordinary  rust  by  the  oxygen 
of  the  air,  the  carbonic  acid  regenerated  and  acting  again  on  an 
unattacked  part  of  the  metal.  According  to  the  peroxide  theory,  the 
iron,  oxygen  and  water  were  supposed  to  react  to  form  ferric  oxide, 
and  to  regenerate  hydrogen  peroxide  which  would  attack  a  new 
quantity  of  iron.  That  the  electrolytic  theory  is  the  most  tenable  has 
been  demonstrated  in  many  ways,  but  one  of  the  most  beautiful  dem- 
onstrations may  be  carried  out  in  a  very  simple  manner. 

A  five  per  cent,  solution  of  gelatine  in  hot  water  is  made,  and, 
after  careful  neutralization,  a  few  drops  of  phenolphthalein  and  fer- 
rocyanide  of  potassium  are  added.  A  thin  layer  of  this  solution  is 
poured  upon  the  bottom  of  a  glass  dish,  and  when  stiffened  up  by 
cooling,  a  clean  strip  of  metal  is  placed  thereon.  A  further  quantity 
of  the  gelatine  solution  is  poured  upon  the  metal  and  allowed  to 
solidify.  The  gelatine  in  this  case  is  used  to  retard  diffusion  of  the 
colorations  which  form.  As  stated  before,  when  a  strip  of  steel  is 
placed  in  water,  there  are  developed  hydroxy  1  (OH)  ions  at  the 
negative  pole,  and  these  are  shown  by  a  pink  coloration  formed  with 
the  phenolphthalein,  whereas  at  the  positive  pole  of  the  iron  plate  the 
development  of  hydrogen  ions  takes  place,  and  solution  of  the  iron 
proceeds.  This  solution  forms,  with  potassium  ferrocyanide,  a  blue 
coloration  which  to  the  paint  chemist  is  known  as  Prussian  blue. 

It  is  a  well  known  fact  that  zinc  protects  the  iron  from  corrosion 
when  in  contact,  the  zinc  going  into  solution,  being  electro-negative 
to  iron,  thus  protecting  the  iron  from  being  acted  upon.  It  has  been 
found  that  the  zinc  will  protect  the  iron  only  to  a  certain  extent, 
unless  an  electrolyte  is  contained  within  the  water,  this  being  due 
to  the  fact  that  pure  water  offers  too  great  a  resistance  for  the  cur- 
rent to  flow. 

It  has  been  shown  by  our  investigations  that  certain  pigments 
have  the  property  of  preventing  galvanic  action,  and  their  use  is 
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highly  desirable  in  a  paint  coating.  Other  pigments  have  been  found 
to  exhibit  a  strong  tendency  to  excite  galvanic  action  because  they 
possess  the  property  of  being  good  conductors  of  electricity.  Such 
pigments  should  never  be  used  next  to  steel. 

The  Scientific  Section  of  the  Paint  Manufacturers'  Association 
have  made  a  very  careful  and  systematic  study  of  this  vital  question 
and  are  at  present  pursuing  the  work  started,  making  tests 
of  extreme  value  and  recording  their  observations  for  future  gener- 
alization. Such  work  can  only  be  productive  of  the  most  valuable 
results  and  will  ultimately  result  in  the  restriction  to  certain  materials 
for  use  in  painting  iron  and  steel  and  the  adoption  of  these  materials 
in  specifications  for  such  work.  The  qualification  of  each  and  every 
raw  product  will  be  determined,  and  its  legitimacy  for  existence  in 
a  paint  will  be  closely  questioned  before  giving  it  final  approval. 

It  is  not  the  intention  to  make  any  derogatory  reference  to  certain 
products  which  are  under  suspicion  or  to  attempt  to  tear  down  the 
business  that  has  been  built  upon  these  products,  but  before  we  can 
give  our  candid  endorsement  to  any  raw  product  for  use  in  a  paint 
to  be  applied  direct  to  iron  or  steel,  that  product  must  possess  cer- 
tain fundamental  requisites  which  we  have  already  outlined.  The 
distinction  between  an  inhibitive  and  a  stimulative  pigment  may  be 
easily  determined,  and  it  is  essential  to  the  preservation  of  the  steel 
upon  which  such  pigments  are  to  be  used,  that  the  inhibitive  prin- 
ciples should  predominate. 

That  there  is  a  marked  difference  in  paints  as  well  as  in  steel  has 
been  proven  beyond  the  shadow  of  a  doubt,  and  evidence  is  collected 
every  day  confirmatory  to  this  statement.  One  of  our  foremost 
metallurgists  recently  returned  from  a  visit  to  the  Isthmus  of 
Panama,  and,  while  there,  he  inspected  some  of  the  old  steam  en- 
gines used  by  the  French  government,  in  their  futile  attempt  to  join 
the  Atlantic  and  the  Pacific.  These  engines  had  lain  in  the  morass 
and  jungle  for  many  years,  subjected  alternately  to  the  torrid  heat 
of  day  and  the  excessive  humidity  of  night ;  rare  conditions  for 
active  corrosion  being  always  present.  Some  of  the  engines  were 
nothing  more  or  less  than  a  flimsy  network  of  holes,  and  the  ma- 
terial had  completely  gone  to  waste  (of  the  open-work  variety),  re- 
sembling the  latest  thing  in  summer  hosiery.  Other  of  the  engines 
had  been  protected  with  certain  paint  coatings  that  had  preserved  the 
steel  intact,  and  the  American  engineers  were  able  to  pull  these  en- 
gines out  of  the  morass  and  by  substituting  a  few  accessories,  to  use 
them  again.  The  nature  of  these  coatings  which  have  withstood  the 
test  of  years  are  at  present  being  investigated  by  the  Scientfic  Sec- 
tion to  determine  the  pigments  used  therein. 

Another  engineer  recently  returned  from  Colon  reports  that  the 
iron  posts  surrounding  the  consul's  home  and  from  which  were  sus- 
pended a  line  of  linked  chain,  showed  active  corrosion  on  the  south- 
east side  in  every  case,  while  the  back  of  the  posts  were  slightly,  if 
at  all,  affected.    These  posts  back  of  the  consulate  were  unaffected 
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in  any  place  because  of  the  protection  from  the  southeast  winds  af- 
forded by  the  house.  The  winds  blowing  in,  laden  with  salty  humid- 
ity, had  naturally  exerted  their  corrosive  effect  on  the  surface  not 
thus  protected. 

A  recent  examination  of  the  steel  test  fences  erected  by  the  Scien- 
tific Section,  at  Atlantic  City,  was  confirmatory  of  the  above.  The 
inspection  was  made  early  one  morning,  after  a  rainy  night.  The 
weather  had  cleared  up  and  the  brisk  wind  which  had  continued 
throughout  the  storm  was  blowing  from  the  same  direction  and 
rapidly  drying  the  moisture  on  the  steel  plates.  The  object  of  the 
inspection  was  primarily  to  determine  the  moisture  penetration  and 
water  shedding  properties  of  each  pigment  and  paint.  A  better  day 
or  time  for  such  a  test  could  not  have  been  chosen. 

As  has  been  described  before,  the  fences  are  three  in  number, 
made  of  three  classes  of  steel  and  each  presenting  toward  the  sea  a 
series  of  ioo  plates  with  as  many  upon  the  reverse  side.  It  was  ap- 
parent at  once  that  the  rain  had  impacted  only  against  the  steel  plates 
facing  the  ocean  or  shore  side,  and  that  our  inspection  would  have 
to  be  made  from  the  plates  on  the  reverse  side  of  the  fence. 

The  panels  facing  the  ocean  and  exposed  to  the  action  of  the 
storm  exhibited  a  variance  of  results.  Some -had  been  painted  with 
pigments  having  a  greasy  nature,  and  being  natural  water-shedders 
were  apparently  dry,  while  others,  painted  with  less  greasy  pigments, 
held  on  their  surface  a  large  number  of  rain  drops.  By  wiping  off 
these  rain  drops,  the  following  differences  were  noted: 

(i)  That  in  some  cases  a  place  resembling  a  water  blister  was 
left,  showing  just  where  the  drops  had  remained  on  the  surface,  and 
showing  that  they  were  acting  upon  the  paint  coat. 

(2)  In  other  cases,  when  the  drops  of  water  had  been  wiped  off, 
the  surface  was  in  the  same  condition  as  the  balance  of  the  plate, 
and  the  rain  had  no  apparent  effect  upon  the  paint  coat.  On  some 
panels,  the  penetration  of  moisture  through  the  paint  coat  left  a 
blotchy  surface.  This  appearance  being  present  on  many  panels,  a 
record  of  impenetrability  was  obtained. 

Very  few  corporations,  whether  manufacturing  paints  or  buying 
paints,  and  very  few  engineers  or  architects  have  the  facilities  or  the 
time  to  make  exhaustive  laboratory  research  when  choice  is  to  be 
made  of  a  protective  coating  for  their  use. 

What  the  practical  man — either  the  paint  manufacturer,  the  archi- 
tect, or  engineer — requires,  is  to  have  some  practical  result,  easily 
obtainable,  which  will  give  him,  in  a  definite  and  visible  manner,  a 
criterion  and  measure  of  the  value  of  the  new  discovery,  and  of  the 
refined  laboratory  work. 

This  accelerated  field  test  consists  in  subjecting  strips  of  any  par- 
ticular kind  of  steel  that  may  be  chosen  to  an  atmosphere  of  maxi- 
mum humidity,  the  steel  being  in  intimate  contact  with  the  materials 
concerning  which  results  are  desired. 

The  apparatus  is  extremely  simple,  and  the  test  can  be  started  at 
thirty  minutes  notice'  by  any  manufacturer,  architect  or  engineer,  at 
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his  office  desk,  and  can  yield  him  visible  results  in  two  days  there- 
after. 

The  idea  was  original  with  Dr.  Cushman,  and  permission  was  re- 
quested from  him  to  work  it  up  in  some  practical  way  for  the  manu- 
facturers of  the  raw  materials  and  of  paints,  and  for  the  consumers 
who  have  the  work  of  protecting  structural  steel. 

The  chemist,  engineer  or  architect  who  wishes  to  conduct  this  test 
on  actual  paint  products  instead  of  the  materials  used  in  the  manu- 
facture of  paint  products,  may  use  a  $7.50  centrifuge  apparatus  made 
by  Bausch  &  Lomb,  in  other  words,  a  small  laboratory  centrifugal 
-nachine  holding  test  tubes. 

Number  the  test  tubes  for  reference  purposes  and  place  in  each 

est  tube  a  small  sample  of  the  paint  to  be  tested,  together  with  a 

/arge  quantity  of  benzine.     It  is  of  extreme  importance  to  add  the 

benzine  in  considerable  quantity  and  previous  to  inserting  the  tubes 

in  the  centrifugal  machine. 

Actuate  the  apparatus  and  most  of  the  vehicle  will  be  thrown  away 
from  the  pigment  and  the  pigment  will  settle  toward  the  bottom  of 
the  tube. 

Decant  or  pour  off  the  oil,  add  more  benzine,  thoroughly  shake 
and  pour  off  the  liquid.  Do  this  two  or  three  times  until  the  oil  has 
entirely  left  the  paint  and  nothing  remains  but  the  dry  clean  pigments. 

Then  take  the  pigments  and  proceed  with  the  whole  test  as  de- 
scribed below  for  the  testing  of  dry  pigments. 

The  materials  required  are  as  follows : 
An  ordinary  deep  cigar  box. 
2  or  3  sheets  druggists'  thick  filter  paper. 
1  dozen  thumb  tacks. 

1  dozen  safety  razor  blades  (unless  some  special  steel  is  to  be 
tested). 

y2  dozen  small  butter  dishes  or  saucers. 

Each  of  the  dry  materials  to  be  tested. 

A  clean  pencil  for  stirring. 

A  pocket  knife. 

A  glass  of  water. 

An  old  towel  or  rag  for  cleansing  hands,  pencil,  etc. 

A  piece  of  emery  cloth. 

A  tooth  brush. 

2  or  3  test  tubes. 

Line  all  six  interior  surfaces  of  the  cigar  box  with  the  filtering 
paper,  using  the  thumb  tacks  for  the  purpose.  Thoroughly  wet  the 
lining  of  the  cigar  box  with  water  and  stand  it  on  one  edge  so  that 
when  it  is  ready  for  use  it  will  be  free  from  drip. 

Place  upon  a  piece  of  filter  paper,  large  enough  to  cover  the  hand, 
some  of  the  material  under  examination,  add  a  few  drops  of  water 
and  rub  up  with  the  finger  into  a  rough  soft  paste,  this  being  easily 
accomplished  with  nearly  all  pigments,  and  bringing  into  a  paste 
many  pigments  which  are  otherwise  extremely  difficult  to  incorporate 
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with  water.  Be  particular  to  cut  the  surface  of  the  razor  blade  to 
the  raw  steel  with  "oo"  emery  paper,  to  insure  the  removal  of  any 
lacquer  or  surface  treatment  of  the  blade.  It  is  necessary  to  handle 
the  razor  blades  by  the  edges  so  as  not  to  get  any  finger  marks  upon 
the  surface.  Now  place  a  clean  razor  blade  upon  the  plate,  fold  over 
the  filter  paper  on  each  side  of  the  razor  blade  in  such  a  manner  as 
to  completely  cover  it  with  paste-coated  filter  paper,  and  place  blade, 
paste  and  paper  upon  a  butter  dish  within  the  cigar  box. 

Treat  each  sample  of  material  under  test  in  the  same  manner. 

A  word  of  caution  is  necessary  regarding  the  testing  of  the  in- 
hibitives  such  as  the  chrome  soaps,  that  are  soluble  in  linseed  oil. 

These  are  not  pigments,  but  soluble  in  the  oil  and  vehicle  con- 
stituents, and  therefore  must  not  be  applied  in  a  water  paste,  but  in 
a  film,  through  the  agency  of  benzol. 

In  the  case  of  these  materials,  soluble  in  linseed  oil,  such  as  resin- 
ates  and  linoleates,  these  are  to  be  dissolved  to  a  heavy  solution  in 
benzol,  and  a  coating  poured  upon  the  razor  blade.  The  evaporation 
of  the  benzol  leaves  upon  the  surface  of  the  blade  a  thin  film  of  the 
material  to  be  tested,  and,  because  of  the  fluidity  of  the  benzol  and 
consequent  thinness  of  the  film,  a  second  coating  is  advisable.  The 
coated  blade  is  then  to  be  placed  in  a  butter  dish  within  the  box  along 
with  the  other  materials  with  which  it  is  to  be  compared.  Care  should 
be  taken  that  the  plate  is  completely  coated  as  there  is  a  tendency  for 
the  liquid  to  segregate  on  the  steel. 

If  a  strip  of  steel  in  every  case  be  treated  with  potassium  bichro- 
mate in  such  a  test,  a  convenient  standard  of  minimum  corrosion  will 
be  afforded,  for  purposes  of  comparison. 

If  so  desired,  in  the  foregoing  test  the  operator  may  increase  the 
quickness  with  which  the  test  may  be  performed,  by  adding  to  a  little 
bicarbonate  of  soda  (baking  soda)  on  a  butter  dish,  a  little  sulphuric 
acid.  An  evolution  of  carbonic  acid  gas  will  ensue  and  as  this  gas 
rapidly  stimulates  corrosion,  its  presence  will  render  the  test  still 
more  positive. 

A  considerable  degree  of  refinement  and  a  fair  index  of  result  can 
be  obtained  from  this  apparatus  if  the  strips  are  first  carefully 
weighed  in  a  laboratory  balance,  and  then  reweighed  after  the  steel 
is  scrubbed  with  a  tooth  or  nail  brush  to  remove  any  rust  formed, 
in  which  case  the  loss  in  weight  of  the  steel  is  the  measure  of  the  rust 
formed  and  the  degree  to  which  the  pigment  has  stimulated  rust. 

It  is  eveident  to  any  man  who  will  compare  the  conditions  in  this 
test  with  the  field  conditions,  that  practically  all  of  the  important  fac- 
tors which  contribute  to  the  corrosion  of  steel  are  present  in  this  test 
in  such  a  way  that  they  will  indicate  in  a  short  time  the  results  which 
would  be  obtained  from  the  steel  painted  with  a  paint  coating  pro- 
duced from  these  materials  and  over  a  considerable  length  of  time. 

After  the  proper  selection  of  pigments  has  been  made,  the  ques- 
tion of  vehicle  must  be  carefully  considered.  The  addition  of  high 
grade  fossil  resins,  carefully  compounded  with  a  carefully  treated  oil, 
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adds  greatly  to  the  power  of  a  paint  to  resist  penetration  by  gases 
and  moisture,  producing  a  better  excluding  paint  and  at  the  same 
time  adding  to  the  appearance.  The  glossy  surface  which  a  paint 
made  along  these  lines  possesses  renders  the  paint  a  better  repellant 
or  resister  of  moisture.  The  quality  and  percentage  of  gum  used  in- 
fluences to  a  great  extent  the  wearing  properties  of  this  kind  of 
paint. 

During  the  transportation  of  machinery  and  structural  steel  from 
the  factory  to  the  field  and  the  workshop,  there  is  met  a  state  of  con- 
ditions that  causes  rapid  corrosion.  Moisture  and  gases  attack  the 
metal  and  assert  their  destructive  action.  In  the  past  these  results 
have  been  partially  overcome  by  swabbing  the  metal  with  crude  oil, 
in  some  cases,  and,  again,  by  giving  the  metal  a  dip  in  hot  linseed  or 
other  drying  oils  or  by  applying  tar  and  cheap  paints  as  shop  coats. 
The  crude  oil  leaves  upon  the  surface  of  the  metal,  even  after  wip- 
ing, a  quantity  of  non-drying  mineral  oil  which  interferes  with  the 
drying  of  the  paint  coat  which  is  afterward  applied  at  the  time  of 
the  assembling  of  the  metal.  It  also  prevents  the  paint  coat  frcm 
properly  adhering  to  the  steel  surface,  and  this  coat  of  crude  no- 
drying  oil,  which  still  exists  between  the  metal  and  the  paint  coat,  is 
a  source  of  never-ending  trouble,  causing  peeling  and  shrive" i 
This  crude  oil  treatment,  therefore,  should  be  avoided  whenever  it 
is  intended  that  the  steel  is  to  be  subsequently  painted  with  oil  paints. 

Where  linseed  oil  instead  of  crude  oil  is  used,  a  film  of  the  oil  is 
left  upon  the  metal  and  rapidly  oxidizes  to  a  coat  of  linoxyn.  This 
coat  will  protect  the  metal  for  a  certain  period  of  time,  but  is  ex- 
tremely porous  and  ultimately  admits  moisture.  If,  within  this  coat- 
ing of  linseed  oil,  there  had  been  contained  a  proportion  of  pigment, 
or  if  the  linseed  oil  had  been  developed  by  gums  into  a  varnish  or 
lacquer,  then  the  excluding  properties  of  the  linseed  oil  would  have 
been  increased,  and,  if  the  formula  were  inhibitive  in  nature,  the  steel 
would  be  better  protected  from  corrosion,  and  the  application  of 
future  coats  of  paint,  after  assembling  the  steel,  would  have  been 
practical  and  facilitated. 

It  is  sometimes  desired  to  give  to  steel  a  thin  adherent  protective 
coating  that  is  transparent  and  will  allow  of  the  inspection  of  the 
steel  by  the  engineer,  who  desires  to  observe  whether  the  metal  is 
absolutely  clean  and  free  from  rust  before  proceeding  with  the  paint- 
ing thereof.  In  a  case  like  this,  there  is  required  a  coating  of  oil 
containing  materials  which  will  not  interfere  with  the  transparency 
of  the  oil  coat  and  which,  at  the  same  time,  are  thoroughly  inhibitive 
in  nature.  Such  a  compound  may  be  prepared  by  the  use  of  inhibi- 
tive chromium  compounds  soluble  in  linseed  oil,  such  as  chromium 
resinate  or  chromium  linoleate.  By  the  use  of  these  materials  within 
an  oil  coat,  thorough  inhibition  is  obtained,  and.  at  the  same  time, 
there  is  added  the  excluding  properties  which  these  compounds  afford. 
A  thoroughly  inhibitive  and  transparent  coating  is  thus  formed  and 
is  most  practical  of  use.    A  paint  coat  applied  to  steed  protected  by 
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this  inhibitive  oil  coat  amalgamates  with  this  oil  coat  and  becomes  an 
integral  part  thereof,  rendering  at  the  same  time,  the  oil  paint  thor- 
oughly inhibitive  and  causing  close  adherence  to  the  metal  surface. 

Discussion. 

Mr.  George  M.  Davidson,  m.w.s.e.  :  I  would  ask  Mr.  Perry  what 
he  thinks  of  lamp  black  as  a  protective  coating? 

Mr.  Perry :  Thus  far  we  have  found  lamp  black  in  the  same  class 
as  graphite,  carbon  black,  etc.  You  will  remember,  gentlemen,  that 
I  said  those  materials  are  the  most  wonderful  excluders  we  have, — 
the  most  noted  in  their  characteristics  of  exclusion,  and  give  high 
excluding  values  to  a  paint.  Unfortunately,  however,  when  the  paint 
coatings  begin  to  give  way  the  evil  starts.  There  are  some  blacks 
which  are  safe — blacks  made  from  vegetable  and  animal  charcoal, 
containing  small  percentages  of  alkali,  which  are  slightly  inhibitive 
— and  they  can  be  used  as  substitutes  for  graphite,  carbon  black,  etc. 
Please  understand,  though,  that  I  am  not  attacking  lamp  black,  graph- 
ite, and  carbon  black ;  I  am  simply  trying  to  state  exact  facts  from 
a  technical  standpoint,  and  any  of  you  can  determine  these  facts  for 
yourselves. 

Mr.  Davidson :  I  have  an  example  in  my  office,  showing  the  dura- 
bility of  lamp  black  on  iron,  in  the  way  of  a  piece  of  3  in.  suction  pipe 
taken  from  a  well.  When  that  piece  of  pipe  was  sent  to  the  point 
where  the  well  had  been  dug,  it  was  marked  with  the  initials  of  the 
railway  company,  in  lamp  black.  That  pipe  was  eaten  through  by 
corrosion  in  a  great  many  places,  and  has  the  appearance  of  having 
had  a  good  case  of  smallpox,  except  where  the  initials  of  the  railway 
company  were  put  on.  In  that  case  it  would  seem  that  lamp  black 
offered  a  protection  to  the  material  from  which  the  pipe  was  made. 

Mr.  Perry':  I  am  very  glad  that  Mr.  Davidson  brought  up  this 
illustration.  I  could  not  have  asked  for  a  better  one,  to  show  exactly 
what  happens  when  those  blacks  are  used  with  iron  and  steel.  I 
am  going  to  use  a  homely  example,  for  instance,  a  wet  battery  such 
as  is  used  in  operating  telegraph  instruments.  It  is  composed  of  car- 
bon, zinc,  and  solution ;  by  wire  connection  you  get  an  electric  current. 
The  zinc  dissolves  in  proportion  to  the  electric  current,  while  the 
carbon  remains  unaltered  for  any  length  of  time  it  is  left  there.  If 
iron  is  substituted  for  that  zinc  you  will  get  an  electric  current  and 
the  iron  will  dissolve  in  that  small  glass  battery  in  proportion  to  the 
electric  current,  but  the  carbon  will  remain  undissolved  for  any 
length  of  time.  When  the  lettering  was  put  on  the  pipe  which  Mr. 
Davidson  has  referred  to,  and  the  pipe  was  plunged  into  the  water, 
it  made  a  very  nice  battery.  The  iron  dissolved  and  the  carbon  re- 
mained intact — a  beautiful  proof  of  the  fact  that  carbon  is  a  poison 
to  iron. 

Mr.  E.  N.  Layfield,  m.w.s.e.:  The  use  of  the  test  in  determining 
the  two  values  of  the  pigment,  was  not  very  clear  to  me.  One  of  the 
values  of  the  pigment  is  its  inhibitive  value,  and  the  other  is  its  ex- 
cluding value  in  a  paint.    This  test,  as  I  understand  it,  showed  only 
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the  inhibitive  value  and  not  the  excluding  value.  We  will  suppose 
we  had  a  pigment  comparatively  low  in  inhibitiveness  and  very  high 
in  exclusion  ;  what  would  be  the  result  ? 

Mr.  Perry :  You  have  put  your  ringer  right  on  the  matter.  The 
first  thing  to  be  done  is  to  set  aside  all  those  compounds  which  are 
poor  excluders  and  forget  them ;  then  from  among  those  which  are 
good  excluders  choose  the  ones  which  are  good  inhibitives  or  which 
are  inert,  but  not  those  which  are  rust-stimulatives.  I  stand  cor- 
rected, that  to-night  I  did  not  take  up  the  question  of  the  function  of 
the  pigments  as  excluders,  because  it  would  have  made  my  paper  too 
long,  but  I  have  handled  that  phase  of  the  question  fully  in  other 
lectures.  It  is  largely  a  "rule  of  thumb"  matter  and  the  result  of  years 
of  experience  of  paint  manufacturers.  Fortunately  some  of  the  best 
excluders  are  rust  resisters. 

Mr.  0.  P.  Chamberlain,  m.w.s.e.  :  I  presume,  Mr.  Perry,  the  idea 
is  to  take  out  the  pigments  which  you  know  are  excluders,  first,  and 
then  make  a  test  of  them. 

Mr.  Perry  :     Yes,  that  is  the  idea. 

Mr.  Charles  K.  Mohler,  m.w.se.  :  While  I  understand  that  Mr. 
Perry  has  studied  the  question  almost  entirely  from  the  standpoint 
of  paint  protectives,  I  would  like  to  know  if  he  has  made  any  study 
at  all  of  the  action  of  concrete  and  mortar  in  excluding  rust?  This 
has  become  a  very  important  factor  in  building  construction,  and  I 
would  like  to  know  whether  it  is  a  protector  and  can  it  be  relied  on. 

Mr.  H.  A.  Gardner:  The  protective  properties  that  concrete  or 
cement  sometimes  afford  structural  steel  is  due  to  the  percentage 
of  lime  they  contain,  the  lime  acting  as  an  alkali  prevents  the  forma- 
tion of  hydrogen  ions  which  is  one  of  the  primary  causes  of  corrosion. 
Nevertheless  when  steel  or  iron  beams  are  embedded  in  concrete  and 
they  are  connected  by  metal,  there  will  sometimes  be  a  flow  of  electric 
current  unless  the  metal  is  thoroughly  insulated.  Consequent  cor- 
rosion generally  forms  at  the  beam  which  is  the  anode  and  the  corro- 
sion proceeds,  in  some  cases,  to  a  great  extent.  The  molecular  in- 
crease which  takes  place  under  these  conditions  is  very  apt  to  cause  a 
splitting  of  the  concrete.  It  is  thus  evident  that  even  in  the  presence 
of  a  large  percentage  of  lime,  cement  is  not  a  protective  against  elec- 
trolytic corrosion  unless  there  is  absolute  insulation  of  the  steel  and 
iron. 

Mr.  F.  H.  Bainbridge,  m.w.s.e.  :  I  would  ask  if  there  is  any  good 
reason  why  the  rail  which  is  in  use  is  generally  free  from  rust,  while 
the  rail  which  is  out  of  use  rusts  rapidly. 

Mr.  Perry :  I  will  try  to  answer  that  question  in  part.  The  effect 
is  partly  deceptive.  The  rail  in  use  is  being  constantly  hammered, 
and  if  you  will  examine  the  right-of-way  you  will  find  discoloration 
on  either  side  of  the  rail.  In  other  words,  the  freedom  from  rust  is 
deceptive  in  its  appearance,  as  the  rust  is  being  constantly  removed 
by  the  passing  trains.  That  is  part  of  the  answer  and  a  practical  one. 
There  is  another  question,  however,  which  is  rather  involved  and 
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which  is  being  followed  out, — a  theory  that  the  actual  use  of  the  metal 
causes  depolarization.  That  is  a  very  large  question  and  a  very 
technical  one. 

Mr.  Bainbridge:  I  know  of  some  iron  tanks  in  water  service 
which  have  been  in  constant  use  for  twenty  years ;  they  were  not 
painted  inside  and  there  is  almost  no  evidence  of  corrosion  in  those 
tanks  at  all.  If  the  tanks  had  been  left  for  six  months  without  use, 
without  question  they  would  have  gone  to  pieces  very  rapidly. 

Mr.  Gardner:  Nearly  the  same  thing  happens  in  water  carriers. 
The  water  flowing  through  the  pipes  does  not  allow  foreign  matter 
to  be  deposited,  whereas  if  the  water  is  allowed  to  stand  in  the  pipe?, 
impurities  and  foreign  matter  collect  and  act  as  electrolytes,  stimulat- 
ing the  action  of  any  electrical  currents  which  may  be  present.  As 
long  as  the  water  is  kept  in  rapid  motion,  there  is  little  opportunitv 
for  rusting  to  take  place,  even  when  the  water  contains  a  very  small 
percentage  of  acid.  I  would  like  to  ask  Mr.  Bainbridge  whether 
the  water  in  the  tanks  he  mentioned  was  of  alkaline  reaction? 

Mr.  Bainbridge :  The  tanks  I  referred  to  were  in  use  on  the  Santa 
Fe  road,  out  at  Belmont,  Arizona.  The  water  was  good  drinking  and 
washing  water. 

Mr.  J.  H.  Warder,  m.w.s.e.  :  Some  years  ago,  when  at  one  of  the 
eastern  bridge  shops,  they  had  a  contract  that  required  the  com- 
pleted bridge  members  to  receive  a  coating  of  some  asphaltic  mixture,, 
put  on  hot.  A  wooden  tank  was  built,  long  enough  and  large  enough 
to  take  in  the  large,  complete  member,  as  an  end  post.  Steam  pipe- 
in  the  bottom  of  the  tank  served  to  heat  up  the  asphaltic  mixture 
and  the  bridge  members  were  immersed  therein  until  the  metal  was 
thoroughly  heated  through  and  then  lifted  out  and  the  surplus  coating 
drained  off.  This  operation  must  have  added  considerably  to  the 
cost  of  the  bridge,  and  from  what  has  been  said  about  bituminous 
paints,  was  this  extra  work  a  waste  of  money? 

Mr.  Perry :  The  asphalts  are  practically  a  poison  to  the  iron  and 
steel,  and  if  careful  observation  had  been  made  in  those  cases  after 
two  years,  the  corrosion  would  have  been  found  under  that  coating. 
I  will  ask  Mr.  Gardner  to  describe  certain  tests  where  bitumen  was 
used. 

Mr.  Gardner:  The  bitumen  we  used  on  plates  was  coated  with 
red  lead.  After  the  plates  had  been  on  the  fence  for  about  a  month, 
an  observation  was  made  and  in  nearly  every  case  a  fine  checker- 
board work  was  to  be  found.  The  unequal  expansion  of  the  red  lead 
and  of  the  bitumen  caused  those  cracks  to  be  formed. 

Mr.  W .  H.  Finley,  m.w.s.e.  :  A  number  of  years  ago  some  water 
pipes  were  being  placed  in  the  city  of  Minneapolis,  and  these  were 
immersed  in  hot  asphalt  until  the  metal  was  brought  to  the  same  tem- 
perature as  the  asphalt.  An  examination  some  years  afterward 
showed  the  pipes  to  be  in  an  excellent  state  of  preservation.  Of 
course,  that  is  very  different  from  just  painting. 

Mr.  Perry  \  I  agree  entirely.  I  will  give  my  own  practical  ex- 
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perience  as  an  engineer,  and  say  that  those  tars,  asphalts,  and  bitu- 
mens have  been  found  dangerous  unless  lime  was  added  and  boiled 
with  the  tar  or  bituminous  material.  I  think  in  England  lime  is 
always  used. 

Mr.  Fiiiley :  In  connection  with  railroad  structures,  probably  one 
of  the  worst  things  to  be  dealt  with  in  the  matter  of  corrosion  is  the 
drip  of  brine  on  structures.  I  have  seen  the  brine  go  through  all  sorts 
of  protectives,  the  result  being  rapid  rusting.  I  do  not  know  yet  of 
anything  that  has  given  good  results  in  this  matter. 

Mr.  Perry:  Mr.  Gardner  was  present  at  some  inspections  along 
the  line  of  this  brine  question,  and  he  will  tell  you  something  about 
that. 

Mr  Gardner:  Regarding  the  action  of  brine  on  steel  and  iron,  I 
might  state  that  the  corrosion  is  very  rapid.  In  sea  water  there  is 
a  large  percentage  of  chlorides  of  sodium  and  magnesium,  both  salts 
which  are  easily  dissociated  into  their  component  parts,  the  chlorine 
ions  attacking  the  iron  with  great  rapidity  and  accelerating  corro- 
sion to  a  great  extent.  These  salts  also  act  as  electrolytes  and  in- 
crease the  conductivity  of  water,  promoting  galvanic  action. 

Mr.  Perry :  I  might  add  that  the  scientific  paint  coating  to  pro- 
tect steel  is  first  impenetrable,  and  second,  when  with  age  it  becomes 
penetrable,  it  will  be  inhibitive,  and  you  must  understand  that  it  is  not 
a  perfect  paint  coating,  but  simply  the  best  we  have  been  able  to  pro- 
duce as  yet.  The  new  science  is  very  young — only  about  six  months 
old — and  less  than  two  years  old  in  its  conception. 

Mr.  Finley :  Is  the  paint  that  is  made  of  the  gum  or  resin  flexible 
enough  to  take  care  of  the  expansion  and  contraction  of  the  iron? 

Mr.  Perry:  One  should  go  to  paint  manufacturers  of  established 
reputation  and  experience  and  be  willing  to  pay  their  price  to 
get  the  safe  percentages  and  the  proper  gums  dissolved  in  that  oil, 
or  you  will  get  an  absolute  failure  in  that  you  will  get  a  varnish  that 
will  not  stand  exposure. 

Mr.  Warder:  It  will  not  do,  then,  to  simply  take  a  varnish  and 
mix  it  in  with  your  paint? 

Mr.  Perry :     No,  you  are  correct  in  that. 

Mr.  Finley:  You  spoke  of  using  lacquer  as  a  shop  coating.  Is 
it  possible  to  apply  that  to  the  iron  or  steel  in  bridge  shops  ?  Do  you 
get  a  good  result  in  such  a  case  ? 

Mr.  Perry:  The  suggestion  which  I  made  to-night  and  which  I 
have  carried  out  in  tests  was  the  use  of  a  very  limited  amount  of  those 
resinates,  or  compounds  of  chromium,  not  exceeding  5  per  cent.,  of 
those  materials  to  form  a  sort  of  lacquer  on  the  iron,  with  no  thought 
of  its  permanence.  It  is  safer  to  put  on  a  material  of  that  kind,  rather 
than  a  cheap  dope  which  will  cover  up  the  defects  of  the  iron  so  the 
purchaser  cannot  see  the  quality  of  material  he  is  getting. 

Mr.  Finley:  Of  course,  all  engineers  know  that  linseed  oil  does 
not  give  protection  for  any  great  length  of  time.  A  few  years  ago  it 
was  customary  to  put  a  coating  of  linseed  oil  on  iron  to  protect  it  pre- 
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vious  to  its  use,  but  if  any  length  of  time  elapsed  before  the  iron  was 
used  the  fact  was  disclosed  that  linseed  oil  did  not  offer  any  protec- 
tion. The  question  in  my  mind  is  whether  there  is  any  particular  ad- 
vantage in  using  the  lacquer  over  the  oil. 

Mr.  Perry:  I  know  the  lacquer  will  give  greater  life  and  greater 
impenetrability  during  that  life  which  is  short.  It  is  sufficient  for  any 
reasonable  time  until  the  job  is  ready  for  the  material. 

Mr.  Finley :  Would  you  recommend  any  particular  paints  for  the 
first  coat,  and  other  kinds  of  paint  for  additional  coats?  Could  you 
get  any  better  results  ? 

Mr.  Perry :  It  has  been  suggested  by  Dr.  Cushman  that  a  strong 
inhibitive  priming  coat  should  be  put  upon  the  structural  steel  on  a 
job,  and  then  follow  that  with  final  coatings  that  are  extremely  good 
excluders.  The  Committee  of  Inspection,  when  at  Atlantic  City  last 
month,  were  of  the  opinion  that  it  would  not  be  safe  to  recom- 
mend that  until  we  have  made  exhaustive  tests  to  determine 
whether  the  difference  in  elasticity  would  render  it  unsafe,  etc.,  and 
whether  the  difference  in  constitution  of  the  final  coatings  might  not 
introduce  a  danger.  There  would  be  a  tendency  for  the  material  to 
create  in  themslves  an  electric  tension,  through  which,  in  the  pres- 
ence of  the  moisture,  considerable  pitting  would  be  created.  We  are 
going  to  make  a  series  of  tests  on  these  very  questions  you  have 
brought  up. 

Mr.  Layiield'.  Is  there  any  reason  to  suppose  that  the  pigments 
which  are  the  best  inhibitives  as  shown  by  this  test,  would  be  the  best 
in  resisting  locomotive  gases? 

Mr.  Perry :  In  other  words,  you  wish  to  know  whether  those 
materials  which  are  known  to  create  a  passive  condition  of  the  iron — 
which  inhibit  corrosion  or  retard  it — will  do  so  in  the  presence  of 
actual  acid  gases.  They  will,  and  I  would  like  to  have  Mr.  Gardner 
take  that  matter  up  for  you.  He  will  show  you  just  why  they  will 
do  so. 

Mr.  Gardner:  If  a  plate  of  iron  or  steel  is  placed  in  a  jar  con- 
taining a  dilute  solution  of  potassium  bichromate,  there  will  be  no  cor- 
rosion taking  place.  If  to  this  solution  of  bichromate  is  added  a 
weak  acid  in  small  percentage,  the  stimulating  effect  of  the  acid  will 
be  overcome  by  the  inhibiting  effect  of  the  bichromate. 

Mr.  Layiield :  Mr.  Finley's  remarks  have  reminded  me  of  another 
point.    Is  the  zinc  chromate  as  good  an  excluder  as  the  graphite  ? 

Mr.  Perry :  In  answer  to  that  question  I  will  say  no.  I  am  glad 
that  point  was  brought  up,  because  some  paint  manufacturers,  without 
a  proper  knowledge  of  the  subject,  have  the  idea  that  because  zinc 
chromate  is  good  in  a  small  percentage,  it  will  therefore  be  good  to 
make  a  paint  out  of  it  entirely.  We  do  not  say  it  is  a  bad  thing,  but 
we  deal  only  in  what  is  good,  and  we  do  not  recommend  it.  2^  %  to 
5%  of  the  zinc  chromate  will  give  the  desired  inhibitive  values.  Any- 
body can  put  it  in  paint  if  it  is  specified. 

Mr.  Warder:     Suppose  you  have  a  supply  of  paint  of  which  you 
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are  a  little  suspicious.  Can  you  make  use  of  that  paint  by  adding  to 
it  some  of  this  zinc  chromate? 

Mr.  Perry.  If  you  are  suspicious  of  a  paint  I  would  suggest  that 
you  give  it  to  your  colored  man. 

Mr.  Layfield'.  By  putting  zinc  chromate  in  graphite,  would  it 
make  the  graphite  more  inhibitive  ? 

Mr.  Perry.  You  might  stimulate  the  effect  of  the  graphite  and 
create  deep  pitting. 

There  is  this  to  be  said  about  graphite  paints.  While  we  know 
they  are  sometimes  extremely  poisonous,  we  often  find  the  steel  in 
very  good  condition  after  the  graphite  has  been  on  for  a  long  time. 
We  know  they  are  good  excluders  and  water  shedders. 

It  may  interest  you  to  know  that  the  American  Metal  Workers' 
Association  at  their  Buffalo  meeting  passed  a  resolution,  through 
their  committee  on  protective  coatings,  which  was  unanimously 
adopted,  warning  their  members  against  using  the  graphites  and 
blacks  on  metal.  That  is  a  matter  of  record,  and  it  is  also  quoted  in 
the  scientific  bulletins.  The  men  who  are  advertising  graphite  do  not 
advertise  this  fact,  but  those  metal  workers  represent  practically  a 
"rule  of  thumb"  method  of  experience  from  one  ocean  to  the  other. 

Mr.  Bainbridge:  Do  not  some  of  the  graphite  manufacturers  put 
zinc  chromate  in  their  product  to  make  the  color  green? 

Mr.  Perry:  Zinc  chromate  is  quite  expensive,  and  has  never  been 
used  for  any  such  purpose,  because  the  graphite  manufacturers  are 
making  the  cheapest  paints  on  the  market.  They  use  greens,  but  they 
are  the  greens  that  chemists  use,  not  the  zinc  chromates.  A  very  small 
percentage  of  the  latter  costs  perhaps  8  cents  per  gallon  of  paint 
which  is  expensive. 

Mr.  Bainbridge:  I  have  here  a  sample  of  iron  which  was  put  into 
the  Missouri  river  in  1863  and  was  exposed  to  the  current  all  those 
years — 45  years.  On  this  side,  where  is  was  against  the  crib,  it  was 
never  painted.  The  other  side  was  painted  with  one  coat  of  red 
lead.  The  iron  had  been  out  of  the  water  two  or  three  days  before 
I  saw  it,  but  there  was  quite  a  bright  coat  of  red  lead  on  it.  The 
other  side  was  not  rusted  so  very  badly. 

Mr.  Finley:  Before  that  was  put  in  the  crib  it  was  used  on  the 
Chicago  Union  Railway  as  a  strap  rail,  so  it  had  been  subjected 
to  considerable  use  in  the  way  of  having  railroad  trains  running  over 
it  before  it  was  placed  in  the  crib. 

Mr.  Gardner:  That  was  probably  the  Swedish  charcoal  iron  which 
I  spoke  of  as  being  used  in  the  manufacture  of  wire  fences  twenty 
years  ago. 

Mr.  Bainbridge:  No,  it  was  not  charcoal  iron;  it  was  rolled  hi 
Buffalo. 

Mr.  Finley:  That  iron  was  rolled  in  the  days  when  they  made 
good  wrought  iron. 

A  statement  in  the  first  part  of  this  paper  to  the  effect  that  rusting 
is  due  to  inferior  material  in  the  iron,  or  the  lack  of  coating  with 
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zinc,  brought  to  my  mind  something  I  saw  in  one  of  the  magazines 
that  on  the  Isthmus  of  Panama  the  galvanized  iron  sent  there  by 
the  French  was  still  in  a  good  state  of  preservation,  while  the  gal- 
vanized iron  and  steel  sent  there  by  the  United  States  rusted  within 
six  months.     Is  that  due  to  the  material  or  the  coating? 

Mr.  Perry :  It  is  due  unquestionably  to  the  material  and  the 
coating.  Take  two  wire  fences,  each  of  exactly  the  same  metal — 
one  well  coated  and  the  other  poorly  coated  with  the  zinc.  You  will 
get  greater  corrosion  and  more  rapid  destruction  of  the  fence  poorly 
coated.  The  coating  is,  however,  not  so  marked  a  factor  in  the  rapid 
destruction  of  the  wire  fences  to-day  as  the  poor  metal  used  in  mak- 
ing those  fences.  In  these  days,  under  the  great  stress  of  competi- 
tion, manufacturers  have  made  use  of  extremely  unsatisfactory 
metal  in  turning  out  the  great  tonnage  of  these  woven  wire  fences. 

Mr.  Finley :     I  can  imagine  that  poor  coating  is  made  use  of  also. 

Mr.  Perry:  Yes,  the  same  men  who  furnish  the  poor  metal  are 
apt  to  put  on  a  pool*  coating.  In  some  parts  of  the  West  the  wire 
lasts  only  three  years.  On  the  other  hand  I  examined  a  fence  recently 
in  Georgia  which  was  bought  and  erected  by  Hamilton  Yancey 
shortly  after  the  war.  His  grandson  has  removed  it  to  another  part 
of  the  plantation,  and  it  is  to-day  in  an  excellent  state  of  preserva- 
tion.    Some  of  the  fence  was  galvanized  and  some  was  not. 

Mr.  Finley :     Was  the  ungalvanized  fence  unpainted  ? 

Mr.  Perry:     It  was  unpainted. 

Mr.  Finley :     What  we  need  is  good  iron  rather  than  paint. 

Mr.  Perry :  If  you  had  good  steel  many  of  your  problems  would 
disappear. 

Mr.  Finley :  I  should  think  that  the  poorer  the  steel  the  better  the 
coating  that  would  be  necessary. 

Mr.  Perry :  There  are  extensive  tests  going  on  at  Pittsburg, 
which  are  primarily  under  the  direction  of  the  Department  of  Agri- 
culture, and  we,  together  with  the  steel  companies,  are  collaborating 
in  that  work.  The  tests  are  in  connection  with  woven  wire,  and  we 
are  testing  out  these  problems. 

Mr.  Chamberlain:  What  Mr.  Perry  has  said  with  reference  to 
some  structures  which  were  painted  with  graphite  paint  being  found 
to  be  in  extremely  good  condition  reminds  me  of  a  little  experience 
which  came  to  my  notice  a  number  of  years  ago.  Some  practical 
tests  were  attempted  on  a  railroad  with  which  I  was  connected  at 
that  time,  in  the  way  of  painting  steel  plates  or  wrought  iron  plates 
— with  different  paints  and  subjecting  them  to  the  practical  tests  of 
receiving  the  fumes  from  the  locomotives  in  train  sheds  and  through 
bridges.  The  plates  were  hung  up  on  some  of  the  bridges  along  the 
road,  and  also  in  a  large  train  shed  and  examined  from  time  to  time. 
While  I  had  no  direct  supervision  of  the  work,  I  remember  the 
test  very  well.  One  of  the  paints  that  was  considered  good  in  its 
protection  of  the  steel  was  graphite,  and  another  was  one  that  was 
called  a  rubber  paint.    These  two  paints  were  among  the  paints  most 
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severely  condemned  by  the  chemist  of  the  road.  It  seems  to  me  the 
practical  tests  in  graphite  paint  or  any  other  paint  ought  to,  in  a 
measure,  confirm  the  diagnosis  of  the  chemist  in  the  matter. 

I  do  not  think  Mr.  Perry  explained  why,  in  some  cases,  the  graph- 
ite paint  did  seem  to  take  well  and  in  other  cases  it  did  not ;  in  other 
words,  it  aided  in  the  corrosion. 

Mr.  Perry :  If,  as  between  two  tests,  in  one  the  graphite  shows 
protection  and  in  the  other  the  graphite  has  failed,  we  still  are  not 
certain  that  the  metal  is  a  constant  in  its  quality.  Or,  to  reverse  the 
matter,  if  the  metal  is  a  constant,  we  are  not  certain  that  with  two 
graphites  you  will  get  different  results.  The  trouble  has  been  that 
too  little  attention  has  been  paid  to  this  subject  in  getting  absolutely 
uniform  conditions  under  which  to  make  these  tests,  so  you  can  be 
sure  of  your  conclusions.  The  whole  art  of  the  paint  manufacturers 
was  a  "rule  of  thumb"  method,  and  it  is  only  within  recent  years, 
when  structural  iron  and  steel  means  the  investment  of  immense 
sums  of  money  and  the  reputation  of  those  i'n  charge  of  that  work, 
that  we  are  addressing  ourselves  properly  to  this  problem  of  discov- 
ering the  conditions  under  which  the  tests  are  made,  so  we  can  draw 
safe  conclusions.  Thus  far,  where  all  conditions  of  the  tests  are 
known,  the  graphite  has  not  given  good  results. 

Mr.  Houston  Lowe  (Dayton,  Ohio)  :  The  electrolytic  theory  of 
corrosion  is  interesting  and  plausible ;  however,  the  fact  that  elec- 
trical attraction  and  chemical  affinity  are  one  and  the  same  may  be 
at  times  disregarded.  My  own  thought  is  that  the  inhibitive  action 
of  zinc  chromate  is  due  to  the  fact  that  it  is  slightly  soluble  in  water, 
and  as  the  essential  property  of  paint  pigment  is  insolubility,  Mr. 
Perry's  advice,  that  it  be  used  sparingly,  should  be  followed.  The 
commercial  varieties  of  zinc  chromate  may  contain  small  amounts 
of  impurities,  which  may  cause  it  to  stimulate  rather  than  prevent 
corrosion.  Its  quality  is  dependent  upon  the  material  from  which 
it  is  made  and  the  method  of  manufacture. 

I  do  not  agree  with  Mr.  Perry  in  his  statement  that  as  a  general 
proposition  the  natural  iron  oxides  should  be  used  for  protective 
coatings,  unless  he  will  qualify  his  words  to  mean  natural  ores 
roasted. 

Mr.  Perry:     I  want  to  agree  with  you  on  that. 

Mr.  Lozve :  In  regard  to  Mr.  Finley's  remarks  about  salt  water 
drip :  Although  this  is  undoubtedly  a  more  active  agent  of  corrosion 
than  fresh  water,  yet  it  has  been  my  experience  that  salt  water  has 
less  effect  upon  dried  paint  than  has  rain  water.  It  is  the  mechani- 
cal abrasion  due  to  the  drip  from  refrigerator  cars  that  injures  the 
paint  coating,  and  its  disintegration  is  further  due  to  the  action  of 
the  water  lodging  and  evaporating  upon  its  surface.  So  soon  as  the 
continuity  or  the  integrity  of  the  coating  is  destroyed,  the  corrosion 
of  the  exposed  metal  is  rapid.  Railway  companies  could  save  money 
by  frequently  touching  up  those  portions  of  steel  structures  that  are 
subjected  to  special  injury  of  this  kind. 
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Graphite  paints  of  certain  kinds  have  at  times  given  excellent  re- 
sults in  protecting  steel,  therefore  it  seems  possible  that  the  action  ot 
the  American  Metal  Workers'  Association  in  warning  its  members 
against  the  use  of  carbon  paints  on  metal  was  somewhat  hasty.  Tt 
may  be  well  to  recite  to  you  my  conception  of  the  factors  that  affect 
results  in  painting,  namely : 

1.  The  location  of  the  structure. 

2.  The  kind  and  condition  of  the  surface  over  which  the  covering 
is  spread. 

3.  The  weather  conditions  when  painting  is  done. 

4.  The  quality  and  temperature  of  the  paint. 

5.  The  workmanship  of  the  painters. 

6.  The  number  of  coats  applied  and  their  sequence. 

7.  The  time  allowed  to  elapse  between  coats. 

Neither  the  manufacturer,  the  architect  nor  the  engineer  can  con- 
fidently predict  results  without  knowing  each  of  these  things. 

Mr.  Finley :     Would  you  say  the  more  coats  the  better  ? 

Mr.  Lowe:  Yes,  generally,  up  to  five  coats.  Linseed  oil  does 
not  reach  its  most  stable  condition  under  several  weeks  after  it 
has  been  applied.  Dried  linseed  oil  gets  better  and  better  up  to  a 
certain  stage,  and  then  it  begins  to  deteriorate. 

Mr  Perry :  I  want  to  thank  Mr.  Lowe  for  what  he  has  said.  He 
is  a  man  has  spent  a  life  time  in  this  work  and  knows  whereof  he 
speaks.  I  want  to  endorse  Mr.  Lowe's  statement  in  the  matter  of 
graphites,  and  that  there  are  many  other  things  or  conditions  than 
the  paint  also  to  be  taken  into  consideration,  and  one  must  be  sure 
that  these  conditions  are  exactly  uniform. 

Mr.  Lay-field:  I  got  the  impression  from  what  Mr.  Lowe  said 
about  the  oil  improving  for  several  weeks,  or  even  months,  after  it 
was  applied,  that  he  might  mean  that  that  time  should  elapse  between 
coats. 

Mr.  Loive:  I  do  not  know,  but  I  believe  that  if  you  can  allow 
a  month  between  the  application  of  the  different  coats  of  paint  on 
a  bridge,  you  will  get  much  better  results  than  you  are  now  generally 
getting. 

I  may  speak  of  steel  underground  pipe.  While  the  relation  of 
carbon  to  iron  is  undoubtedly  an  established  one,  yet  my  experience 
has  been  that  if  an  underground  pipe  coating  is  made  from  gilsonite 
and  linseed  oil,  it  will  prolong  the  life  of  the  pipe  many  years.  I 
think  Prof.  Sabin  will  give  similar  testimony.  The  result  depends 
largely  upon  the  temperature  and  the  conditions  under  which  the 
material  is  applied.  It  should  be  applied  rather  hot,  and  the  tem- 
perature of  the  metal  should  be  about  that  of  the  liquid,  otherwise 
air  bubbles  will  be  produced.  Then  my  experience  is,  too,  that  it 
is  better  to  bake  it  at  a  moderate  temperature,  after  it  is  removed 
from  its  bath. 

Mr.  Perry:  I  would  like  to  add,  in  connection  with  Mr.  Lowe's 
remarks,  that  I  heartily  recommend  gilsonite  under  these  conditions. 
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WATER  STORAGE  IN  ELEVATED  TANKS  AND  STAND  PIPES 

H.  E.   HORTON,   M.W.S.E. 

Presented,  February  3,  1909. 

The  advantage  of  water  stored  at  an  elevation  is  recognized  by 
all  as  desirable  ;  to  fit  to  the  varying  local  conditions  many  expedi- 
ents are  resorted  to.  We  have  under  discussion  the  use  and  ad- 
vantage of  the  elevated  tank  and  stand  pipe. 

It  may  be  interesting  to  notice  the  evolution  from  the  wood  tank- 
on  a  low  trestle,  as  so  universally  used  for  water  supply  to  the  rail- 
way locomotives;  placed  upon  a  higher  trestle  for  a  small  town- 
water  supply,  this  trestle  as  time  went  on  being  substituted  by  metal, 
and  following  this  the  tank  being  made  of  steel;  all  in  the  same  line 
of  evolution  and  about  the  same  time  that  bridges  and  cars  changed 
from  wood  to  steel. 

Occasionally  there  is  suggestion  of  building  elevated  water  storage 
in  reinforced  concrete.  However,  as  it  takes  the  same  amount  of 
steel  to  reinforce  the  concrete  that  it  does  to  hold  the  water  with- 
out the  concrete,  it  has  only  been  used  where  there  is  an  apparent 
intensity  of  desire  for  the  truly  unique,  and  for  the  purpose  of  this 
discussion  we  will  ignore  it. 

A  stand  pipe,  open  at  the  top,  of  small  diameter  was  an  attach- 
ment to  large  pumping  works  at  a  very  early  date,  to  relieve  the 
water  hammer  on  the  pumps.  We  have  in  Chicago  the  water  tower 
at  "Chicago  Avenue"  and  "Ashland  Avenue"  Pumping  Stations,  as 
examples. 

Mr.  Cook  of  Toledo,  Ohio,  some  forty  years  ago  was,  I  believe, 
the  originator  of  a  system  of  water  works  for  small  towns  wherein 
with  a  moderate  sized  pumping  engine,  the  stand  pipe  was  ma- 
terially enlarged ;  thereby  providing  storage  under  pressure  (the 
advantage  being  the  relief  from  continuous  pumping)  and  the 
stand  pipe  came  into  very  general  use  for  such  locations  as  fitted 
for, — a  level  town  or  small  city. 

The  term,  stand  pipe,  as  here  used,  defines  a  cla>s  of  structure  say 
10  ft.  to  30  ft.  in  diameter  with  heights  equal  to  3  to  12  diameters. 
Such  a  structure  has  its  limitations  as  to  economy  of  construction. 

The  largest  examples  of  metal  tanks  (not  known  as  stand  pipes  ), 
to  hold  water  that  have  come  under  my  notice  are  those  for  making 
the  water  seal  of  gas  holders,  where  tanks  of  some  200  ft.  in  di- 
ameter and  50  ft.  high  have  been  used  and  as  stres-e^  in  the  shell  =± 
radius  X  water  pressure — it  follows  that  in  all  tanks  or  stand  pipes 
the  stress  in  the  unit  of  the  material  is  as  the  height  multiplied  by 
the  diameter,  hence  a  tank  40  ft.  in  diameter  and  250  ft.  high  would 
have  the  same  stress  in  the  material  as  for  the  one  indicated  above 
and  would  be  something  over  25,000  lbs.  per  inch  vertical  near  the 
bottom  of  such  tank,  and  material  must  be  provided  for  normal 
unit  stresses,  of  over  2  in.  in  thickness. 
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Now  as  it  happens  that  water  stored  for  purposes  like  lire  protec- 
tion in  its  various  demands,  such  as  sprinkler  systems  for  fire  ex- 
tinguishment or  regular  town  water  works,  water  is  frequently  re- 
quired at  considerable  elevation  and  with  the  least  range  of  varying 
pressure;  in  fact  an  absolute  uniform  pressure  would  be  ideal.  This 
is  impracticable,  hence  we  must  allow  at  least  io'(  of  the  extreme 
height  for  a  varying  pressure. 


70,000  Gals. — 100  ft.  High. 
Highland   Park,   Dallas,  Tex. 


70,000  Gals. — 220  ft.  High. 
Rutland,   Vt. 


From  estimates  covering  a  large  number  of  examples  with  limi- 
tations as  above,  it  may  be  asserted  that  with  a  low  elevation  like  a 
mere  flat  tank,  a  tower  is  at  a  disadvantage,  but  when  the  average 
elevation  of  water  required  is  100  ft.,  it  will  cost  twice  as  much  to 
store  it  in  a  stand  pipe  as  in  an  elevated  tank.  Again  it  may  be 
wanted  at  an  average  elevation  of  150  ft.,  if  so  it  will  cost  three 
times  as  much  to  store  it  in  a  stand  pipe  as  in  an  elevated  tank. 
When  wanted  at  200  ft.  average  elevation  it  will  cost  four  times  as 
much  to  use  a  stand  pipe  as  the  tower  and  tank.  At  250  ft.  average 
elevation  it  will  cost  five  times  as  much  in  a  stand  pipe  as  in  a  tower 
and  tank.  At  300  ft.  average  elevation  it  will  cost  six  times  as  much 
to  use  the  stand  pipe  design  as  a  tank.  From  all  the  above,  it  is 
apparent  why  towers  and  tanks  have  come  into  use  for  storage  of 
water,  where  potential  energy  of  the  water  is  a  matter  of  consider- 
ation. 

The  tower  to  support  a  tank  may  be  readily  designed  with  three 
or  more  supporting  legs.     The  foundations  for  such  tower  and  the 
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stresses  from  wind  are  well  worked  out  in  connection  with  the  ele- 
vated skeleton  structures  so  frequently  seen  on  our  railroads.  Local 
conditions  must  determine  the  character  of  the  foundations.  The 
batter  of  the  legs  will  usually  be  such  that  the  uplift  from  the  wind 
on  the  windward  side  (and  tank  empty),  is  abundantly  provided  for 
by  convenient  anchorage.  It  will  be  found  an  advantage  to  place 
the  legs  of  such  a  tower  radially  from  the  center,  so  all  the  legs  will 
be  alike  for  convenience  in  manufacturing. 


185,000  Gals. — 120  ft.  High. 
Vineland,  N.  J. 


200,000  Gals. — 220  ft.  High. 
Louisville,  Ky. 


The  tank  itself  may  be  a  cylinder  with  a  flat  bottom  placed  upon 
a  platform  built  of  beams.  This  class  of  design  will  invariably  be 
over  costly ;  the  relation  varying  somewhat  as  the  diameter  to  height 
of  tank  varies.  Preferably  the  bottom  may  be  conical  or  hemispher- 
ical, made  of  plates  only;  in  fact  combinations  of  the  spherical  com- 
bined with  the  conical,  have  been  worked  out  to  relieve  the  excessive 
stresses  developed  at  the  intersection  of  the  cone  and  cylinder.  It 
is  somewhat  the  personal  equation  of  the  designer  that  determines 
how  this  part  of  the  design  shall  be  carried  out. 

At  the  point  of  attaching  the  tower  to  a  tank  it  is  quite  the  usual 
practice  to  use  a  horizonal  girder  strong  enough  to  take  up  any  tend- 
ency to  deform  the  cylinder  by  the  horizontal  components  of  the 
supporting  posts,  hence  it  will  be  observed  that  this  girder  is  of  much 
greater  importance  on  a  tank  supported  with  three  posts  than  if 
the  same  tank  was  supported  by  six. 

From  conditions  as  herein  indicated  there  has  been  much  discus- 
sion and  variation   in   design   in   placing  a  tank   with   a   conical   or 
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spherical  bottom  on  a  tower.  Many  designers  believing  it  is  a  neces- 
sity to  extend  the  cylindrical  part  some  distance  below  the  water 
level  and  look  at,  and  think  of,  this  extension  as  a  circular  girder, 
while  others  have  treated  the  entire  depth  of  the  cylinder  of  the  tank 
as  the  web  of  a  circular  girder.  Sufficient  to  say  that  there  is  no 
difficulty  in  making  an  efficient  design  either  way. 

Some  engineers  feel  a  greater  satisfaction  in  designs  so  developed 
as  to  present  a  multiple  number  of  supports  from  the  tower  to  the 
tank,  which  to  all  of  this,  there  is  no  objection  other  than  the  one  of 
increased  cost.  The  best  results  with  least  cost  will  always  be  found 
with  a  standard  design. 


115,000  Gals. — 127  ft.  High. 
Monmouth,  111. 


300,000  Gals. — 131  ft.  High. 
U.  S.— Ft.  Snelling,  Minn. 


The  tank  must  hold  water.  Tight  work  has  to  be  developed.  It 
will  ordinarily  be  found  to  great  advantage  in  construction  if  a  close 
study  is  made  of  the  joints  and  their  disposition  to  the  end  that  rivets 
will  not  necessarily  go  through  a  large  number  of  plates  and  that 
caulking  edges  be  so  arranged  that  the  same  may  be  gotten  at  to 
caulk  and  make  the  work  water  tight. 

The  tank  on  such  towers  is  usually  supplied  with  water  by  a  riser 
pipe  up  the  center  of  the  tower.  This  riser  pipe  is  enclosed  in  a  frost 
casing  some  three  or  more  thicknesses  of  lumber,  about  which  "build- 
ing felt"  is  freely  used. 

For  sprinkler  tanks,  where  water  merely  stands  in  the  tank,  in  this 
climate  they  will  have  to  be  supplied  with  artificial  heat.  This 
may  be  accomplished  by  a  moderate  sized  water  heater  directly  con- 
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nected  with  the  riser  pipe,  or  with  live  steam,  if  the  tower  is  so  situ- 
ated that  live  steam  is  available. 

Jf  the  tank  is  in  general  service,  like  a  town's  water  works  and  the 
service  is  such  as  to  require  say  one  hour's  pumping  in  the  morning 
and  one  hour  in  the  evening,  a  very  moderate  sized  works  will  re- 
quire no  further  attention  as  to  freezing. 


50,000  and  75,000  Gals. — 71  ft. 

and  130  ft.  High. 

Factory  Power  Co.,  Cincinnati,  O. 


112,000  Gals.  — 162  ft.  High. 

Lackawana  Steel  Co. 

Buffalo,  N.  Y. 


I  do  not  wish  to  be  understood  as  advocating  the  use  of  an  ele- 
vated tower  and  tank  in  connection  say  with  a  hill,  to  put  an  ordi- 
nary earth  reservoir  in,  or  to  place  a  flat  metal  tank  on,  provided  said 
hill  is  within  convenient  reach  from  both  the  pumping  station  and 
the  point  of  consumption.     Each  location  presents  a  problem. 

When  not  favored  with  a  convenient  natural  elevation,  the  ele- 
vated tank  offers  to  average  communities,  water  storage,  so  that  the 
pumping  plant  requires  to  be  in  actual  operation  only  some  small  por- 
tion of  each  24  hours  and  one  force  of  operators  can  maintain  the 
works,  thus  making  it  possible  for  many  small  towns  to  maintain  and 
operate  water  works  that  otherwise  could  not  because  of  the  operat- 
ing costs. 

Examples  without  number  have  come  under  my  observation  of  the 
reduced  expenses  where  a  tower  and  tank  has  been  installed,  where 
work  has  previously  been  done  by  direct  pressure  from  the  pumps. 
In  the  City  of  Chicago,  at  the  Washington  1  [eights  Pumping  Station, 
while  the  full   force  (^  men  have  been  maintained,  the  quantity  oi 
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coal  was  reduced  approximately  1/3  upon  the  installation  of  the  ele- 
vated tank. 

At  Paris,  111.,  the  city  had  operated  a  direct  pressure  pumping 
plant  for  20  years,  and  with  a  double  set  of  operators,  when  in  1895 
an  elevated  tank  was  attached  to  the  system  with  a  result  that  at 
once  one  set  of  operators  was  sufficient  to  continue  the  work ;  in  fact 
the  entire  cost  of  operation  was  reduced  40%. 


60,000  Gals  —35  ft.  High.  C.  P.  & 
St.  Louis  Ry.,  Lock  Haven,  111. 


100,000  Gals. — 150  ft.  High. 

Hospital  for  Insane, 

Columbus,  O. 


At  Galion,  Ohio,  a  franchise  company  after  running  the  pumps 
for  direct  pressure  for  25  years,  introduced  an  elevated  tank  and  the 
cost  of  their  operations  was  reduced  1/3  with  a  much  more  satis- 
factory and  uniform  pressure  for  the  town.  The  list  of  instances 
of  advantage  as  here  indicated,  could  be  extended  almost  without 
limit. 

Of  the  stand  pipes  built  in  other  years  a  number  of  somewhat 
startling  failures  have  occurred.  Reviews  have  been  made  of  the 
structures  that  failed  and  it  seems  to  be  noticeable  that  there  were 
fairly  high  unit  stresses  involved  in  all  cases. 

In  years  past  little  attention  seemingly  has  been  given  by  design- 
ers of  stand  pipes  to  the  efficiency  of  the  rivet  connections.  In  an- 
alyzing this  question  of  efficiency  of  connections  we  assume  that 
rivet  shear  is  equal  to  2/3  the  tension  value  of  the  material,  and  it  is 
not  unusual  to  find  stand  pipes  with  rivet  efficiency  of  no  more  than 
30%  of  the  value  of  the  plates. 
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The  question  of  rivet  efficiency  in  anything  like  boiler  or  tank 
work,  is  of  paramount  importance.  While  it  is  possible  by  double 
butt  strap  joints  to  make  a  rivet  joint  of  more  than  90%  efficiency, 
yet  due  to  the  added  weight  of  material  as  well  as  cost  of  labor,  it 
may  be  doubted  if  there  is  any  advantage  in  attempting  to  develop 
efficiency  to  exceed  80%.  In  fact,  in  moderate  sized  tanks,  some- 
thing like  70%  efficiency  will  quite  likely  work  out,  the  most  satis- 
factory. Experience  seems  to  justify  the  use  of  lap  joints  on  ma- 
terial up  to  say  y2  in.  thickness. 


75,000   Gals.— 91    ft.    High. 
Edmonton,  Alberta,  N.  W.  T. 


125,000  Gals.  — 135  ft.  High. 
Can.  Pac.  Ry.,  Winnipeg,  Man. 


There  never  has  been  a  failure  where  the  stresses  on  the  efficiency 
of  the  joints  in  the  stand  pipe  were  as  low  as  15,000  lb.  per  sq.  in. 
and  larger  numbers  of  pipes  are  standing  and  have  stood  for  a  long 
period  of  years  where  the  stress  on  the  efficiency  of  the  joints  is  over 
30,000  lb.  per  sq.  inch. 

The  group  of  stand  pipes  referred  to  above,  were  designed  on  a 
basis  of  gravity  stress  of  about  15,000  lb.  per  sq.  in.  of  the  gross 
section  of  the  plates.  That  the  mortality  has  not  been  more  serious 
is  surely  a  kind  interposition  of  an  over-ruling  Providence.  While 
there  may  have  been  bad  material  and  bad  workmanship,  there  has 
also  been  most  unfortunate  designing.  To  such  designs  the  failures 
must  be  charged. 

Towers  and  tanks  have  a  better  record  as  to  their  mortality.  In 
fact,  very  little  in  the  way  of  failure  or  criticism  has  presented  itself. 
There  have  been  examples  of  conical  bottoms  attached  to  the  cylin- 
drical part  with  a  moment  on  the  joint.  Great  difficulty  has  been 
experienced  in  keeping  such  joints  tight,  and  the  one  only  very  con- 
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siderable  failure  of  a  tower  and  tank  has  occurred  from  this  fault 
in  design. 

It  is  my  pleasure  to  present  to  you  some  illustrations  of  sundry 
examples  of  elevated  towers  as  constructed.  These  have  been  se- 
lected as  showing  a  variety  of  use  as  also  a  variety  of  structures. 


4^ 


Louisville,  Ky.,  Tank  Bottom  50-ft.  Diameter. 


;-0m~  "  -     •  ■"•■ 


22-ft.  Sphere  at  St.  Louis  Exposition. 
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We  have  the  tower  and  tank  with  sundry  expressions  of  archi- 
tectural effort  and  atmosphere;  all  of  which  reminds  us  that  the 
personal  must  have  consideration  and  the  further  very  interesting 
fact  that  there  is  no  gauge  in  the  matter  of  taste. 

We  have  a  tank  with  elaborate  protection  against  the  cold  in  he 
exreme  north.     We  have  them  with  no  protection  in  the  south. 

The  towers  and  tanks  shown  are  in  use  for : 
City  Water  Works. 
Public  Institutions. 
Private  Estates. 
Industries. 
Railroads. 
Hydraulic  Works. 


with  examples  of 


3  supports  to  tank. 

4  supports  to  tank. 
6  supports  to  tank. 
8  supports  to  tank. 

12  supports  to  tank. 


also  the 


Flat  bottom  tank. 
Conical  bottom  tank. 
Hemispherical  bottom  tank. 
Semi-elliptical  bottom  tank. 

We  also  have  a  lantern  slide  showing  a  50  ft.  diameter  tank  bot- 
tom fully  assembled  in  the  yard  for  reaming  15,000  radial  holes 
through  approximately  1%"  from  11/16"  to  1  1/16". 

In  the  matter  of  spherical  work,  the  surface  cannot  be  developed, 
while  the  cylinder  or  cone  may  be.  The  difficulties  of  mechanical 
execution  are  such  as  to  generally  preclude  the  use  of  the  sphere  or 
sections  thereof  in  plate  metal  construction. 

The  only  interest  attaching  to  the  complete  sphere,  that  is,  two 
hemispheres  connected  by  an  equator  to  show  the  mechanical  skill 
with  which  this  work  was  formed  so  rivet  holes  upon  parts  being  as- 
sembled showed  fair  throughout.  This  picture  is  of  an  exhibit  at 
the  St.  Louis  Fair  in  1904. 

Discussion. 

President  Allen  :  In  traveling  through  the  West  the  elevated  tank 
structure  has  become  quite  a  feature  of  the  landscape.  Many  parts 
of  the  country  are  not  favored  with  natural  storage  at  the  proper  ele- 
vation, and  even  where  such  locations  are  supplied  by  nature,  we  arc 
often  presumptions  enough  to  believe  that  we  can  improve  or 
cheapen  the  primitive  storage. 
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The  uses  of  elevated  water  storage  are  many:  first,  and  probably 
most  important,  for  water  supply;  then,  in  addition,  we  have  the 
industrial  uses  which  Mr.  Horton  has  indicated ;  and  then  for  the 
sprinkler  systems,  and  railroad  storage;  this  last  is  a  problem  by 
itself. 

Many  of  us  will  no  doubt  be  glad  to  hear  that  the  building  of 
elevated  tanks  and  supporting  structures  is  one  branch  of  engineer- 
ing work  into  which  reinforced  concrete,  in  the  opinion  of  the  author, 
is  not  entering  with  success  and  where  it  still  may  be  designated  as 
"unique." 

In  our  discussion  this  evening  I  hope  that  members  who  are 
familiar  with  any  particular  class  of  water-storage  will  add  what 
they  can  to  the  subject  from  their  own  standpoint.  I  also  hope  that 
the  discussion  will  cover,  or  at  least  touch  upon,  the  failures  of  water- 
tanks  and  stand  pipes.  We  do  not  seem  to  learn  very  much  as  long 
as  all  our  efforts  are  successful,  and  we  generally  have  to  pay  in 
failure  for  the  knowledge  we  acquire,  as  has  been  impressively 
shown  in  the  case  of  the  Quebec  bridge. 

Air.  O.  E.  Strchlow,  m.w.s.e.  :  The  only  stand  pipe  that  I  have 
ever  had  anything  to  do  with  was  a  freak.  It  was  a  20,000  gallon  tank 
100  ft.  high,  built  for  a  sprinkler  system.  The  principal  thing-  aimed 
at  by  the  designer  was  to  have  the  arrangement  such  that  two  men 
could  do  the  erecting;  one  of  the  men  was  picked  up  where  the  tank 
was  built  and  the  other  sent  from  the  shop.  The  different  parts 
were  small  enough  to  enable  two  men  to  handle  them.  The  tank 
was  made  of  cypress  and  the  tower  was  steel ;  the  posts  were  of 
such  length  that  they  could  be  easily  handled,  being  6x6x^4  hi. 
angles,  provided  with  a  loose  sleeve  or  casting  at  each  joint  so  that 
the  next  section  could  be  slipped  in  and  then  properly  braced  with 
rods,  angles,  etc. 

I  was  called  upon  to  ascertain  whether  the  tower  was  sufficiently 
strong  or  not,  and  found  that  if  the  tank  was  full  of  water  the 
tower  would  fail,  and  if  empty  the  wind  would  blow  it  over.  I  told 
them  to  keep  4  ft.  of  water  in  the  tank  until  the  tower  was  properly 
reinforced.  I  believe  the  tank  is  still  standing  and  that  it  is  giving 
satisfaction. 

Mr.  T.  W .  Snow,  m.w.s.e.  :  I  have  been  much  interested  in  listen- 
ing to  Mr.  Horton's  remarks  and  also  seeing  illustrations  of  a  very 
modest  representation  of  the  great  number  of  tanks  he  has  erected, 
for  if  you  were  to  travel  through  the  country  you  would  see  simply 
thousands  of  them  ;  it  is  hard  to  tell  where  the  tank  leaves  off  and 
the  horizon  commences. 

Mr.  Horton  is  an  advocate  of  an  idea  in  which  I  have  been  in- 
terested in  one  way  and  another,  and  that  is,  if  one  is  going  to  store 
water  at  an  elevation  the  water  should  be  stored  in  as  large  and  com- 
pact a  body  as  possible. 

I   was   impressed   with   Mr.   Horton's   remark  that  the  principal 
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feature  in  connection  with  a  tank  is  that  it  should  hold  water.  I 
thought  that  idea  was  an  excellent  one. 

Some  forty-five  years  ago  was  the  beginning  of  putting  up  ver- 
tical tubes  for  water-tanks.  I  believe  Prof.  Pence  has  a  record  of 
about  ninety-two  failures  of  those  stand  pipes,  and  it  was  not  until 
after  a  number  of  failures  that  the  engineering  profession  took  the 
alarm.  I  will  call  your  attention  to  a  few  places  where  failures 
occurred ;  Elgin,  Peoria,  and  Kankakee,  in  Illinois ;  Providence, 
Rhode  Island  ;  and  Lancaster,  Ohio.  There  were  many  other  failure^ 
as  well.  As  far  as  I  can  tell  they  were  from  one  cause  only, — from 
a  heavy  ice-cake  forming  in  cold  and  freezing  weather.  The  opera- 
tion was  something  like  this :  The  city  would  put  up  a  tank,  say, 
one-hundred  feet  high  and  about  twenty  feet  in  diameter,  which  is 
about  the  capacity  for  a  town  of  25,000  people.  The  tank  was  sup- 
posed to  be  kept  as  near  full  as  possible.  In  severe  weather  a  heavy 
ice-cake  would  form — thick  at  the  top  and  diminishing  in  the  shape 
of  an  inverted  hollow  cone,  on  the  inside.  Naturally  the  accumula- 
tion of  ice  would  become  thicker  and  thicker  at  the  top  while  it  would 
not  be  so  thick  at  the  bottom.  In  January  when  there  is  usually  a 
thaw,  this  ice-cake  would  loosen  on  the  inside  of  the  tank  and  per- 
haps become  free  all  the  way  around,  especially  if  there  should 
occur  at  that  time  a  warm  south  wind.  When  this  mass  of  ice 
was  loosened,  (and  it  would  loosen  just  as  soon  as  the  consumption 
would  lower  the  water  level),  this  mass  of  ice  would  fall  and  almost 
invariably  it  would  cause  the  destruction  of  the  tube.  For  that 
reason  the  tubes  were  considered  dangerous  and  they  are  almost 
obsolete  now.  I  know  that  many  were  taken  down  before  they 
failed.  At  Batavia,  111.,  one  was  taken  down  that  had  been  up  for 
fourteen  years.  It  was  probably  condemned,  not  for  any  ice  forma- 
tion, but  for  natural  oxidation,  assisted  perhaps  by  some  sulphur  in 
the  water.  We  are  now  having  poor  water  service  at  Batavia  to 
what  we  had  before,  but  we  are  safe. 

In  putting  up  elevated  structures  such  as  Mr.  Horton  builds,  due 
regard  should  be  paid  by  the  engineer  to  the  amount  of  consumption, 
both  night  and  day.  I  do  not  know  of  the  failure  of  a  single  tank 
as  described  by  Mr.  Horton,  from  ice  or  any  other  cause.  They 
are  not  old  enough  to  fail  from  age  and  I  do  not  believe  there  will 
be  any  failures  on  account  of  the  ice-cake.  The  bulk  of  the  water, 
and  greater  diameter  as  compared  to  the  height,  will  necessarily 
lessen  that  danger.  Great  care,  however,  should  be  paid  to  the  pro- 
tection of  the  riser-pipe  for  all  ordinary  towns,  or  there  should  be 
a  bleeding-pipe  to  keep  up  the  circulation.  The  loss  of  water 
through  this  leakage  is  small  as  compared  with  the  damage  from 
freezing.  The  lagging  that  is  put  around  these  pipes  should  have, 
in  addition  to  the  wood,  from  two  to  five  air  spaces.  The  expense 
of  doing  this  is  not  at  all  serious,  and  this  protection  should  be  well 
built. 

President  Allen:     I  will  ask  Mr.  Snow  what  the  ratio  should  be 
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between  the  diameter  and  height,  in  order  to  avoid  the  danger  from 
ice  that  he  mentions. 

Mr.  Snow.  I  do  not  know  that  I  quite  understand  you,  and  if 
I  do  understand  you,  I  do  not  know. 

President  Allen  :  You  spoke  about  the  failures  occurring  with 
high  stand-pipes  and  stated  that  no  failures  had  occurred  with  more 
compact  storages  at  similar  height.  Therefore  I  gathered  that  in 
your  opinion  the  immunity  from  failure  might  be  largely  due  to  a 
correct  proportion  between  the  diameter  and  height.  Is  there  any 
ratio  that  can  be  taken  as  a  safe  one  to  avoid  that  danger? 

Mr.  C.  B.  Burdick,  m.w.s.e.  :  Perhaps  I  can  throw  some  light 
upon  the  matter.  It  is  my  understanding  that  Mr.  Horton  has  de- 
signed and  built  the  majority  of  the  elevated  tanks  in  use  and  that 
he  confines  himself  largely  to  this  type  of  structure.  Possibly  this 
accounts  for  the  success  of  the  elevated  tank. 

In  view  of  the  reference  made  in  the  paper  to  reinforced  concrete 
tanks,  this  may  be  a  good  opportunity  to  bring  out  the  defects  in 
that  kind  of  construction.  The  reinforced  concrete  tank  is  a  new 
proposition.  It  has  been  only  about  five  years — perhaps  less — since 
the  first  one  was  built  and  there  are  very  few  in  use  at  this  time. 
The  circular  water-tank  offers,  at  first  thought,  an  unpromising  field 
for  this  line  of  construction  in  view  of  the  fact  that  the  stresses  in 
the  shell  of  the  tank  are  entirely  tensile.  The  concrete  takes  no  com- 
pression as  it  does  in  the  ordinary  concrete  construction.  It  is 
therefore  necessary,  in  a  stand-pipe,  or  tank,  to  take  all  the  stress  in 
the  steel,  and  therefore  the  cross-section  of  the  steel  must  be  prac- 
tically as  great  in  the  reinforced  concrete  tank  as  in  the  steel  plate 
construction.  There  is,  however,  this  difference ;  the  plate  construc- 
tion costs  in  the  neighborhood  of  five  or  six  cents  a  pound,  whereas 
the  concrete  reinforcement  steel  can  be  put  in  for  about  half  that 
sum.  In  structures  that  have  been  built  the  cost  including  concrete 
and  steel  has  not  been  materially  different  from  the  cost  of  reason- 
ably designed  steel  structures  for  the  same  service.  In  steel  tank 
construction  it  is  considered  good  practice  to  limit  the  tensile  unit 
stress  to  about  10,000  lb.  per  sq.  in.  net  section,  owing  to  the  effect 
of  ice.  It  seems  reasonable  and  experience  has  apparently  demon- 
strated that  in  covered  concrete  tanks,  ice  formation  is  so  small 
as  to  be  negligible  and  therefore  higher  unit  stresses  are  probably 
justified  than  would  be  permissible  with  steel  plates.  The  use  of 
reinforced  concrete  in  tank  construction  has  been  applied  not  only 
to  the  stand  pipe  but  to  the  elevated  tank.  The  object  of  the  con- 
crete in  reinforced  structures  is  simply  to  hold  the  water  and  trans- 
mit stresses  to  the  steel.  Concrete  is  not  an  ideal  material  for  hold- 
ing water.  We  have  been  able  to  construct  concrete  reservoirs  in 
the  ground  with  success,  but  in  the  elevated  tank  or  stand-pipe  a 
much  greater  water  tightness  must  be  secured,  inasmuch  as  a  small 
moist  patch  on  the  outside  of  the  structure  will  ruin  the  surface 
through  the  action  of  frost.     It  is  the  problem  of  making  concrete 
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impervious  that  offers  the  greatest  difficulty  that  has  been  encount- 
ered in  the  use  of  this  material.  In  the  tanks  that  have  been  con- 
structed much  difficulty  has  been  experienced  in  making  them  water- 
tight, but  I  am  informed  that  the  matter  has  been  successfully  met 
in  a  number  of  instances. 

It  seems  to  me  that  the  matter  of  appearance  is  quite  important  in 
a  structure  of  this  kind,  for,  as  has  been  said,  it  is  a  feature  of  the 
landscape  from  almost  every  point  of  view.  It  is  one  of  the  most 
difficult  engineering  problems  to  treat  in  a  manner  pleasing  to  the 
eye,  and  some  of  the  efforts  of  engineers  to  make  a  structure  of  this 
kind  beautiful  are  rather  doubtful.  It  seems  to  me  that  the  rein- 
forced concrete  stand  pipe  offers  a  more  promising  field  in  this  re- 
spect, and  if  a  tank  of  this  material  can  be  constructed  so  as  to  be 
conservative  and  safe  at  a  cost  comparable  with  steel,  from  the 
standpoint  of  looks  it  deserves  some  considerable  recognition.  The 
matter  of  durability  is  also,  I  believe,  in  favor  of  concrete  construc- 
tion and  that  is  something  which  should  not  be  overlooked. 

Mr.  Snow:  In  California  there  is  an  80  ft.  reinforced  concrete 
tank,  with  a  capacity  of  100,000  gallons,  which  has  been  standing 
about  three  years,  and  I  understand  it  is  giving  satisfaction. 

Mr.  J.  N.  Darling,  m.w.s.e.  :  In  connection  with  the  remarks  of 
Mr.  Snow  relative  to  failures  of  stand  pipes,  it  may  be  interesting  to 
note  the  failure  of  a  stand  pipe  at  Murphysboro,  Illinois,  in  the 
winter  of  1898,  at  a  time  when  I  chanced  to  be  in  that  town. 

The  stand  pipe  was  about  100  ft.  high  and  about  20  ft.  in  diameter, 
and  situated  on  a  hill  just  outside  of  the  town.  Immediately  follow- 
ing an  exceedingly  cold  spell,  during  which  a  thick  coat  of  ice  was 
formed,  there  came  on  a  thaw  which  probably  loosened  the  ice  caus- 
ing it  to  crash  to  the  bottom.  At  any  rate  the  pipe  collapsed.  On 
viewing  the  wreck  next  day,  I  found  that  the  steel  plates  near  the 
bottom  were  torn  apart  like  paper,  this  tearing  of  the  sheets  was  on 
the  south  side  of  the  base ;  and  the  stand  pipe  fell  bodily  to  the  north. 
Sheets  of  ice  from  the  interior  of  the  stand  pipe  were  lying  all 
about,  showing  how  generally  the  ice  had  been  loosened. 

Mr.  W.  IV.  Curtis,  m.w.s.e.:  In  1884  I  was  in  the  employ  of 
Mr.  C.  F.  Loweth,  who  was  then  a  Consulting  Engineer  at  St.  Paul. 
In  1886  we  became  partners  under  the  name  of  Loweth  &  Curtis. 
In  the  spring  of  1887  Mr.  Loweth  was  obliged  to  be"  away  from  St. 
Paul  for  sometime,  and  before  leaving  he  advised  me  that  he  had 
agreed  to  prepare  plans  for  a  water-tower  for  the  city  of  Cedar 
Falls,  Iowa,  by  a  certain  date,  and  asked  me  to  get  the  design  ready. 
I  found  that  his  ideas  were  a  wooden  tank  of  100,000  gallons 
capacity,  to  be  carried  on  a  brick  or  stone  tower  70  or  80  ft.  high. 
After  drawing  up  three  or  four  designs,  I  adopted  one  which  I 
thought  might  come  within  the  limits  of  the  available  funds,  and 
went  to  Cedar  Falls  to  receive  bids  on  it.  Unfortunately,  however, 
the  contractors'  ideas  as  to  what  that  stone-work  was  worth  differed 
so  much  from  mine  that  we  could  not  come  to  any  agreement,  and 
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I  went  home  very  much  disgusted.  In  talking  the  matter  over 
with  Mr.  Loweth  we  decided  to  see  what  we  could  do  with  a  steel 
supporting  structure  for  the  tank.  A  steel  tower  was  then  de- 
signed using  four  posts,  and  the  same  size  of  wooden  tank  at  the 
same  elevation,  and  soon  after  contracted  for.  This,  so  far  as  I 
know,  was  the  first  tower  of  that  kind  to  be  used  in  this  country. 
I  looked  the  matter  up  carefully  at  that  time  and  found  there  had 
been  a  few  elevated  tanks  used  abroad,  and  I  think  one  or  two  had 
been  used  in  this  country,  but  in  each  of  these  cases,  as  I  remember 
it,  the  structures  were  extremely  expensive,  and  supported  'on  ma- 
sonry towers. 

Later  on,  when  Mr.  Loweth  and  I  were  working  independently, 
we  built  a  large  number  of  those  structures  in  different  parts  of  the 
northwest.  Some  were  wood  tanks  on  steel  towers  and  some  wood 
tanks  on  wood  towers,  as  necessity  for  economy  in  first  cost,  dictated. 
In  each  case,  the  condition  of  concentrating  the  water  where  it  had 
some  value  for  fire  protection  was  maintained.  In  1890  I  built  such 
a  tower  at  Albert  Lea,  and  there  used  a  steel  tank  with  a  flat  bottom, 
necessitating,  of  course,  a  great  many  I-beams  to  carry  the  bottom. 
That  tank  I  understand  is  still  standing.  I  used  a  number  of  stand 
pipes  at  that  time  but  believed  then,  and  believe  now,  that,  in  its 
proper  place,  there  is  no  method  by  which  a  reasonable  amount  of 
water  can  be  stored  more  economically  than  in  a  steel  tank  on  a 
tower.  I  have  not  yet  discovered  the  real  logic  of  putting  a  stand 
pipe  perhaps  100  or  120  ft.  high  on  a  location  which  is  practically 
no  higher  than  the  site  of  the  town,  and  then  having  no  protection, 
as  far  as  fire  is  concerned,  from  a  large  part  of  the  stored  water. 
There  was  another  drawback  to  the  use  of  stand  pipes,  however, 
and  that  was,  that  any  person  who  had  a  plate-bending  machine 
could  build  a  stand  pipe,  whether  he  knew  how  or  not. 

I  designed  a  beautiful  water-tower  with  curved  posts  for  Mon- 
mouth, Illinois.  The  town  is  flat  and  the  location  selected  for  the 
tower  was  in  the  center  of  the  town.  The  difficulty  I  encountered 
was  that  every  man  who  could  build  a  stand  pipe  was  arrayed  against 
me.  The  arguments  that  were  used  to  demonstrate  to  the  City 
Council  that  I  did  not  know  my  business,  that  the  tower  designed 
wTas  a  fake,  and  that  it  ought  not  to  be  even  considered,  prevailed 
against  me.  Although  the  design  was  not  accepted  I  had  the  satis- 
faction of  preventing  the  erection  of  any  other  design,  unadapted 
to  the  situation,  and  the  town  operated  the  water-works  by  direct 
pressure  for  a  number  of  years. 

For  the  last  fifteen  years  I  have  referred  anything  I  might  have, 
in  the  line  of  water-towers,  to  Mr.  Horton,  and,  I  am  glad  to  say, 
with  gratifying  results  to  myself  and  to  my  clients. 

President  Alien:  More  or  less  has  been  said  here  tonight  against 
reinforced  concrete  tanks,  and  as  we  have  a  zealous  advocate  of  rein- 
forced concrete  with  us,  I  will  call  on  Mr.  Condron  to  tell  us  what 
he  knows  about  the  success  of  tanks  of  that  character. 
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Mr.  T.  L.  Condron,  m.w.s.e.  :  I  frankly  confess  that  I  know  very 
little  about  concrete  water  tanks  of  the  character  referred  to.  I 
was  much  interested,  however,  in  what  Mr.  Burdick  had  to  say 
about  this  style  of  tank. 

With  reference  to  the  tank  in  California,  referred  to  by  Mr.  Snow, 
that  was  described  in  the  "Engineering  News"  during  the  past  year, 
I  think,  but  I  do  not  remember  whether  or  not  there  was  an  illus- 
tration of  it.  1' learned  recently  that  the  Southern  Railway  Company 
is  building  reinforced  concrete  water  tanks  supported  on  towers, 
one  of  which  is  near  Knoxville,  Tennessee,  with  a  capacity  of  50,000 
gallons.  There  has  also  been  illustrated  in  the  papers  within  the  ' 
last  year  a  very  interesting  example  of  a  pair  of  reinforced  concrete 
water-towers  built  at  Havana.  These  towers  were  built  with  a 
dome  bottom  (instead  of  an  hemispherical  bottom  turned  down), 
and  that  feature  interested  me  because  in  my  office  nearly  five  years 
ago  such  a  structure  was  designed  but^  not  built.  The  design  was  a 
study  and  was  worked  out  in  a  very  interesting  manner  to  show 
the  possibilities  of  such  a  structure. 

When  this  illustration  of  the  towers  at  Havana  appeared  in  the 
"Engineering  News,"  it  at  once  showed  that  our  study  had  been  along 
practical  lines. 

In  St.  Louis  there  is  a  reinforced  concrete  tower  supporting  a 
reinforced  concrete  tank,  which  has  been  standing  for  some  three 
years,  and  so  far  as  I  know,  it  is  giving  entire  satisfaction. 

I  understand  that  there  is  a  tank  of  this  character  in  Franklin 
Park,  northwest  of  this  city,  but  I  have  not  seen  it. 

One  of  the  members  of  this  Society  has  been  successful  in  build- 
ing some  circular  reservoirs,  standing  perhaps  20  ft.  high  but  rest- 
ing on  the  ground,  with  concrete  walls  4  ft.  9  in.  thick  and  50  ft.  in 
diameter.  Two  or  three  of  these  have  been  built  at  Lake  Geneva, 
Wisconsin. 

Mr.  C.  IV.  Naylor,  m.w.s.e.  :  The  remarks  of  one  of  the  previous 
speakers  were  to  the  effect  that  it  is  a  good  thing  to  cover  those 
outer  tanks  with  lagging.  I  would  ask  if  it  is  not  desirable  to  take 
that  lagging  off  once  in  four  or  five  years  to  see  if  there  is  any 
corrosion.  It  seems  to  me  that  after  a  tank  has  been  under  high 
pressure  for  fifteen  or  twenty  years,  there  is  danger  from  corrosion. 

Most  of  the  illustrations  shown  by  the  author  of  the  paper  cover 
outside  views  of  tanks  for  all  purposes.  In  the  cities  we  have  the 
sprinkler  problem  to  contend  with,  and  we  have  not  ground  space 
for  the  tanks,  so  the  water  is  generally  stored  on  top  of  the  build- 
ings, and  the  amount  of  water  is  often  very  large.  Frequently  the 
columns  of  a  building  are  not  made  much  heavier  than  necessary  to 
hold  up  the  building,  and  the  question  arises,  should  a  wooden  or 
metal  tank  be  used?  In  connection  with  my  own  work,  two  or  three 
wooden  tanks  have  been  replaced  with  steel  tanks.  It  is  an  experi- 
ment on  our  part,  for  there  is  some  question  as  to  how  long  the 
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wooden  tank  will  last.     In  other  words,  will  a  wooden  tank  be  safe 
at  the  end  of  25  years  ? 

Mr.  W.  B.  Storey,  Jr.,  m.w.s.e.  :  In  addition  to  the  points  raised 
by  the  last  speaker,  I  should  like  to  hear  something  hi  regard  to 
depreciation  of  those  elevated  structures  both  outside  and  inside ; 
the  pitting  and  rusting  of  the  metal ;  the  character  of  protection 
which  is  applied  to  save  the  structures;  what  effect,  if  any,  the  ice 
may  have,  and  whether  there  are  any  data  as  to  when  the  deprecia- 
tion is  liable  to  reach  a  dangerous  point. 

Mr.  Norton  :  In  regard  to  Mr.  Snow's  inquiry  of  the  desirable 
diameter  for  the  storage  of  water;  it  happens  that  ice  will  form 
from  the  outer  wall  inward  and  in  very  cold  weather  it  is  liable  to 
form  3  ft.  thick.  If  the  stand  pipe  were  6  ft.  in  diameter  there  would 
be  little  water  left,  but  if  the  stand  pipe  were  30  ft.  in  diameter 
there  would  be  24  ft.  of  water.  In  that  case  the  ice  becomes  directly 
a  protection.  This  might  be  illustrated  by  a  case  which  was  called 
to  my  attention  at  Blue  Island,  Illinois.  The  stand  pipe  there  was 
10  ft.  in  diameter  and  120  ft.  high.  On  an  occasion  of  cold  weather 
and  warm  weather  following  very  soon  afterwards,  and  pumping  in 
water,  suddenly  it  was  discovered  that  ice  was  standing  up  20  ft. 
out  of  that  stand  pipe.  It  fell  over  and  demolished  a  near-by  build- 
ing, but  the  stand  pipe  was  not  injured  at  all. 

The  question  of  inclosed  work  was  brought  up ;  so-called  riser 
pipes  are  usually  of  cast  iron,  and  there  is  little  trouble  from  corro- 
sion of  these. 

In  regard  to  the  question  of  depreciation, — as  a  business  man  I 
really  feel  somewhat  indisposed  to  answer  that  question. 

In  regard  to  how  long  a  metal  tank  may  last ;  a  certain  railroad 
company  sent  to  us  for  some  data  along  this  line.  The  operating 
force  had  changed  to  a  large  extent,  and  the  shops  (that  of  the 
Rock  Island  road  at  47th  Street)  were  built  so  long  ago  that  even 
I  could  not  remember  when  they  were  built.  Mr.  Clark  was  the 
Engineer  and  had  a  50,000  gallon  tank  built  of  3/16  in.  plates  rest- 
ing on  a  brick  tower  of  some  20  ft.  height.  That  tank  was  built  some- 
where about  1867,  and  I  have  sent  men  there  occasionally  to  ex- 
amine it,  both  outside  and  inside,  and  there  is  still  no  noticeable 
deterioration. 

I  think  we  all  recognize  the  fact  that  iron  does  not  oxidize  as 
readily  as  steel.  At  one  time  I  built  a  tank  (of  No.  16  iron),  about 
8  ft.  in  diameter,  merely  to  store  water  over  a  boiler.  It  was  used 
eight  years  without  having  to  be  put  out  of  service  on  account  of 
rust ;  there  were  other  conditions  that  caused  it  to  be  put  out  of 
service.  It  is  quite  likely  that  there  are  deep  well  waters  containing 
destructive  chemical  elements,  yet  our  observations  do  not  lead  to 
the  conclusion  that  there  is  any  such  serious  trouble  as  we  have 
seen  from  gases  of  the  locomotive  stacks  upon  the  metal  of  roofs 
and  bridges.     There  is  no  relation  at  all.     In  other  words,  I  feel 
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that  we  are  justified  in  claiming  that  with  metal  %  or  1/16  in.  in 
extra  thickness,  we  may  expect  long  service  from  elevated  tanks  and 
towers, 

President  Allen :  I  will  ask  Mr.  Horton  what  kind  of  paint  he 
recommends  for  tank  preservation,  and  if  there  is  any  difference  in 
that  used  inside  from  that  used  outside? 

Mr.  Horton:  We  use  graphite  paint,  mixing  it  ourselves  with 
the  best  oil  we  can  buy,  using  the  same  for  the  inside  that  we  do  for 
the  outside. 

Mr.  M.  H.  Dance,  m.w.s.e.  :  I  would  ask  what  is  the  annual  cost 
of  maintenance  of  the  ordinary  railroad  tank. 

Mr.  Horton:  I  shall  have  to  confess  that  is  a  subject  which  has 
not  interested  me  particularly. 

President  Allen:  I  was  about  to  suggest,  before  Mr.  Horton 
made  his  last  remarks,  that  after  all  the  life  of  a  wooden  tank  de- 
pends practically  on  the  life  of  the  steel  hoops,  and  that  perhaps 
the  opportunities  of  protecting  the  hoops  are  not  so  great  as  the 
opportunities  of  protecting  the  entire  steel  tank. 

Mr.  Snoiv:  I  am  not  at  all  afraid  of  the  wooden  tank.  In  1887 
I  built  the  tanks  on  the  C.  B.  &  N.  Ry.  coming  down  from  St.  Paul 
to  Hinckley.  Two  years  ago  I  was  asked  to  go  over  all  those  tanks 
and  report.  They  are  all  standing,  although  the  wooden  structures 
holding  up  the  tanks  have  been  more  or  less  repaired.  The  tanks 
themselves  are  still  standing. 

A  question  was  asked,  in  regard  to  depreciation,  which  Mr.  Horton 
answered.  He  referred  to  a  tank  which  was  put  up  in  1867,  and 
I  simply  wish  to  remind  him  that  there  is  a  great  difference  between 
the  iron  furnished  in  1867  and  the  steel  furnished  in  1907. 

Mr.  White :  With  reference  to  the  question  of  ice  formation ;  in 
connection  with  a  tank  at  Cedar  Rapids  built  in  1898,  a  large  quan- 
tity of  ice  fell  when  the  tank  contained  only  about  20  ft.  of  water. 
No  damage  was  done,  however.  The  tank  was  made  of  steel  and 
there  were  no  perceptible  leaks.  After  the  trouble  was  corrected 
there  was  no  further  difficulty. 

I  would  ask  if  anyone  has  any  notes  showing  the  results  of  pit- 
ting when  river  water  is  used  and  when  well  wTater  is  used.  I  have 
found  that  the  river  water  pits  the  inside  of  the  tank  to  a  greater 
extent  than  well  water. 

The  durability  of  the  wooden  tank  depends  to  a  very  large  ex- 
tent on  the  quality  of  the  lumber  and  the  quality  of  the  hoops  used. 
Where  tanks  have  been  put  up,  using  the  best  grade  of  lumber, 
they  have  been  known  to  last  twenty-eight  years,  hoops  and  all. 

Mr.  Snow:  In  regard  to  the  tank  referred  to  at  Batavia,  the 
water  is  charged  quite  heavily  with  magnesia  and  lime.  I  think 
you  will  find  that  when  a  tank  is  holding  water  of  that  nature,  there 
will  be  a  deposit  of  magnesia  and  lime  over  the  interior,  and  this 
affords  a  protection.     As  to  the  ability  to  protect,  I  do  not  think 
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you  will  have  as  much  trouble  with  the  outside  as  with  the  inside, 
when  using  mineral  waters. 

Mr.  Burdick :  In  regard  to  the  effect  of  water  on  steel  tanks,  it 
has  been  the  experience  with  water  pipes  generally  that  in  those 
localities  that  have  river  water  or  other  soft  wrater,  the  depreciation 
in  the  pipes  has  been  most  marked.  In  the  eastern  part  of  the 
I  nited  States  this  is  a  serious  problem  and  a  large  amount  of  money 
is  spent  to  remove  tubercles  and  incrustations  from  the  water  mains, 
which  reduces  very  materially  the  carrying  capacity  of  the  pipes. 
The  same  thing  is  true  of  steel  tanks.  I  have  noticed  in  cases  where 
stand  pipes  have  been  more  or  less  neglected  that  the  interior  of 
the  tank  was  thickly  strewed  with  tubercles  almost  hemispherical 
in  shape,  and  as  those  tubercles  fall  off,  a  pit  is  disclosed  under  the 
tubercles  ranging  in  depth  up  to  ]/%  in.  Where  those  tubercles  are 
close  together  it  can  be  easily  seen  that  the  cross-section  of  a  thin 
plate  would  be  quite  materially  reduced. 

This  effect  of  water  is  quite  marked  where  soft  water  is  stored 
but  usually  absent  in  the  case  of  the  harder  waters.  I  believe  that 
any  tank  should  be  emptied  periodically,  examined,  and  thoroughly 
cleaned  inside  and  out. 
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Julius  William  Sciiaub. 

Suffering  from  acute  melancholia  and  long  continued  loss  of  sleep, 
in  a  spell  of  despondency  while  returning  from  a  sanitarium  in 
New  York  where  he  sought  but  failed  to  secure  relief,  Julius  William 
Schaub  ended  his  life  on  a  railroad  train  on  the  morning  of  March 
30,  1909.     He  had  had  a  similar  attack  of  ill  health  about  a  year 
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ago,  when  he  became  unconscious  on  a  suburban  train  on  his  way 
to  his  home,  remaining  in  a  serious  mental  condition  for  some  time 
after,  but  from  this  attack  he  had  recovered  after  treatment  at  a 
sanitarium  in  New  York,  the  same  establishment  to  which  he  went 
a  second  time  just  before  his  death. 
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Mr.  Schaub  was  born  at  St.  Louis,  Mo.,  on  Sept.  23,  1858,  and 
graduated  from  the  Polytechnic  School  of  Washington  University 
in  1881  with  the  degree  of  civil  engineer.  He  was  in  the  employ  of 
the  late  C.  Shailer  Smith,  the  noted  bridge  engineer  and  builder, 
from  1 881  to  1886,  and  employed  occasionally  as  inspector  and 
computor  by  others  in  that  period  of  time.  He  was  connected  with 
the  building  of  the  bridge  over  the  St.  Lawrence  River  at  Lachine 
in  1886,  first  in  Mr.  Smith's  office  in  St.  Louis,  and  then  with  the 
Dominion  Bridge  Co.,  the  contractors.  From  1887  to  1892  he  was 
Chief  Engineer  of  the  Detroit  Bridge  &  Iron  Works;  from  1893  to 
1894  he  was  Chief  Engineer  and  Manager  of  the  Pottsville  Iron  & 
Steel  Company,  and  from  1895  to  1897  he  rilled  a  similar  position 
with  the  Hamilton  Bridge  Works  of  Hamilton,  Canada. 

In  1898  he  came  to  Chicago  and  opened  an  office  as  consulting 
engineer  in  the  Monadnock  Block.  He  devoted  himself  more  partic- 
ularly to  bridge  and  structural  engineering,  in  which  line  of  work 
he  had  had  a  wide  experience  and  thorough  training.  When  rein- 
forced concrete  became  of  importance  he  interested  himself  in  this 
type  of  construction  and  employed  it  on  original  lines.  He  devised 
a  system  of  restrained  concrete  floor  construction  for  buildings,  for 
which  the  concrete  was  made  to  act  as  a  groined  arch,  with  the 
steel  floor  beams  at  the  columns  forming  the  four  sides  of  rectan- 
gular panels,  these  floor  beams  taking  the  tension  from  the  thrust  of 
the  diagonal  lines.  He  made  tests  at  the  North  Works  of  the  Illinois 
Steel  Company  which  proved  the  correctness  of  his  theories.  He 
devised  and  patented  an  improved  method  of  sinking  open  coffer- 
dams of  reinforced  concrete,  and  applied  this  in  the  building  of  the 
new  bridge  for  the  St.  Louis  &  Southwestern  Railway  across  the 
Red  River  at  Shreveport,  La.,  for  which  work  he  was  consulting 
engineer.  This  bridge  was  completed  in  March,  1907.  It  had  four 
fixed  spans  of  200  ft.,  one  of  150  ft.,  and  a  swing  span  of  300  ft., 
and  the  pier  foundations  were  sunk  to  depths  of  60  ft.  to  80  ft.  by 
Mr.  Schaub's  system.  He  also  designed  and  patented  a  concrete 
roadbed  for  railways,  described  by  him  in  Engineering  News  of 
November  2,  1905. 

Mr.  Schaub's  work  as  a  bridge  engineer  was  important,  and  he 
was  considered  a  very  skillful  designer.  He  was  employed  in  the 
capacity  of  consulting  engineer  by  the  St.  Louis  &  Southwestern 
Railway  above  mentioned,  reporting  on  all  its  bridges,  and  preparing 
plans  for  strengthening  them,  also  by  the  St.  Louis  &  San  Fran- 
cisco, the  Missouri  Pacific,  the  St.  Louis,  Iron  Mountain  &  Southern, 
the  Iowa  Central,  the  Minneapolis  &  St.  Louis,  and  the  Grand  Trunk 
Railways.  For  some  of  these  companies  he  designed  their  shops 
as  well  as  their  bridges.  His  last  work  was  the  designing  of  a  large 
swing  bridge  for  the  Grand  Trunk  Railway  at  Black  Rock  Harbor, 
Buffalo,  New  York,  this  bridge  forming  a  part  of  the  International 
Bridge.  The  new  bridge  will  carry  two  railway  tracks  and  two 
roadways,  it  will  have  a  length  of  431  ft.  5  in.,  and  in  the  opinion  of 
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the  chief  engineer  of  the  Railway  Company,  Mr.  H.  G.  Kelley,  is  a 
master  piece  of  bridge  designing. 

Mr.  Schaub  became  a  Junior  of  the  American  Society  Civil  En- 
gineers in  1884  and  a  full  member  in  i836.  He  became  a  member 
of  the  Western  Society  of  Engineers  in  1^02.  He  was  a  member  of 
the  American  Railway  Engineering  &  Maintenance  of  Way  Associa- 
tion and  of  the  Engineers'  Club  of  Chicago.  He  was  a  frequent 
contributor  to  engineering  literature,  writing  a  number  of  papers 
for  engineering  societies  and  taking  an  active  part  in  discussions. 

Mr.  Schaub  married  Miss  Harriet  Holmes  of  Lock  Haven,  Pa., 
in  August  1893.  His  wife  survives  him.  without  children,  and  a 
sister,  Mrs.  Emma  Ranch  of  St.  Louis. 

Mr.  Schaub  was  a  man  of  fine  attainments  and  ripe  experience 
as  an  engineer,  high  minded  and  warm  hearted  as  a  man.  and  his 
loss  by  death  is  deeply  regretted  and  keenly  felt  by  a  wide  circle 
of  friends.  The  portrait  is  from  his  last  photograph,  which  was 
taken  twenty-two  years  ago. 

Charles  L.  Strobel, 
W.  H.  Fix  ley, 
W.  T.  Reeves. 

Committee. 
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Aksel  G.  S.  Josephson. 

Read  before  the  Swedish  Engineers'  Society  of  Chicago, 
Saturday,  February  6,  ipop. 

Chicago  has,  as  you  of  course  all  know,  three  large  free  public 
libraries,  namely,  The  Public  Library  of  the  City,  The  Newberry 
Library,  and  The  John  Crerar  Library.  The  Public  Library  is 
general  in  scope,  as  behooves  the  circulating  library  of  a  large  city, 
though  specializing  in  a  few  lines,  notably  in  architecture.  The 
Newberry  Library  is  devoted  to  "humaniora,"  that  is  history,  philol- 
ogy and  linguistics  with  literary  history,  philosophy,  and  theology; 
it  possesses  a  large  number  of  rare  and  valuable  books,  including 
some  200  incunabula,  and  is  particularly  rich  in  Americana,  being 
the  depositary  of  the  Edward  E.  Ayer  collection  on  American 
Indians,  and  in  modern  linguistics  and  dialect  study,  represented 
by  the  famous  Bonaparte  library.  The  special  field  of  the  John 
Crerar  Library  is  that  of  the  natural,  physical,  social  and  medical 
sciences  with  their  applications.  This  limitation  of  the  scope  was 
determined  by  the  Board  of  Directors  upon  the  organization  of  the 
library,  after  a  careful  study  of  the  library  facilities  of  the  city. 
An  agreement  between  the  three  libraries  not  to  duplicate,  unneces- 
sarily, each  others  collections  was  made,  and  following  this,  the 
John  Crerar  Library  actually  purchased  from  the  Newberry  Library 
its  collection  of  scientific  and  technical  books,  numbering  between 
8,000  and  9,000  volumes.  Through  this  selection  of  a  special  field, 
this  newest  of  the  city's  libraries  announced  from  the  start  its  inten- 
tion to  supplement  rather  than  duplicate  the  work  of  the  older  in- 
stitutions, and  the  selection  of  this  particular  field  has  been  amply 
justified  by  results.  Opening  its  doors  in  April  1897  with  a  collec- 
tion of  15,000  volumes,  it  has  now  on  its  shelves  considerably  over 
230,000  and  while  during  the  first  nine  months  of  its  existence 
it  was  visited  by  18,584  persons  who  called  for  6,995  books  and 
3,864  numbers  of  current  periodicals,  the  corresponding  figures  for 
the  year  1908  were:  130,049  visitors,  108,662  books  and  20,980  num- 
bers of  periodicals.  This  recorded  use  does  not,  however,  represent 
the  total  actual  use ;  the  use  of  the  books  on  the  open  shelves  in 
the  reading  rooms  is  not  recorded ;  furthermore,  readers  are  very 
frequently  admitted  to  the  stacks,  when  they  desire  to  use  a  large 
number  of  books  or  to  consult  long  files  of  periodicals ;  the  number 
of  persons  thus  admitted  was  in  1897,  359,  and  in  1908,  2,671.  Some 
figures  illustrating  the  relative  strength  of  the  six  general  groups  in 
which  the  books  of  the  library  are  divided  for  purposes  of  statistics 
may  interest  you.  They  are  taken  from  the  annual  report  for  1908 
and  represent  the  resources  of  the  library  on  December  31  of  that 
vear.     The  total  number  of  volumes  on  the  shelves  of  the  library 
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on  that  day  was  232,403.*  Of  these  15,728  were  still  awaiting  class- 
ification, belonging  chiefly  to  the  Ely  and  Gerritsen  collections,  of 
which  more  later;  I  will  add,  however,  that  even  these  are  avail- 
able through  special  records  and  can  on  request  be  given  out. 
31,423  volumes  were  classed  under  what  we  call  General  works; 
bibliography,  encyclopedias,  general  periodicals  and  publications  of 
general  societies,  and  also  such  subjects  as  philosophy,  history,  and 
geography,  which,  though  not  falling  within  the  library's  field, 
must  be  to  some  extent  represented  in  any  large  library.  49,773 
volumes  come  under  the  head  of  Social  sciences,  and  to  this  group 
belongs  also  the  bulk  of  the  unclassified  material.  23,331  volumes 
are  classed  under  natural  sciences,  20,219  under  physical  sciences, 
43.627  under  applied  sciences;  the  Department  of  Medical  Sciences, 
the  latest  and  most  important  addition  to  the  library,  contains  48,302 
volumes.*  This  department  has  a  history  of  its  own.  It  had  its 
origin  in  the  libraries  given  to  the  Chicago  Public  Library,  on  its 
establishment  after  the  great  fire,  by  the  Chicago  Medical  Society. 
the  Medical  Press  Association  and  the  Homeopathic  Relief  Asso- 
ciation. Afterwards  the  Medical  Library  Association  of  Chicago 
was  formed  to  develop  a  medical  reference  collection,  as  it  was 
found  that  the  Public  Library  could  not  undertake  that  task.  In 
1890,  after  having  collected  some  1,500  volumes  and  2,000  unbound 
periodicals,  this  Association  asked  the  Newberry  Library  to  take 
over  its  collections  and  assume  the  responsibility  of  establishing  a 
medical  reference  library.  The  authorities  of  the  Newberry  Library 
agreed  to  do  this  and  received  then  as  a  gift  the  collection  of  the 
Medical  Library  Association,  and  later,  upon  remunerating  the 
Public  Library  for  its  incurred  expense,  the  medical  books  in  its 
possession,  6,583  volumes  and  4,550  pamphlets.  To  these  the  New- 
berry Library  added  considerably  so  that  by  the  end  of  the  year  its 
medical  department  contained  more  than  17,000  items.  Later  on, 
the  American  Medical  Association  transferred  its  library  to  the 
medical  department  of  the  Newberry  Library.  The  largest  gift 
which  the  department  received  was  the  Senn  collection,  presented 
to  it  in  1894  by  Dr.  Nicholas  Senn ;  besides  a  large  number  of  books 
from  the  donor's  private  library,  it  contained  the  libraries  of  Dr. 
W.  Baum  of  Gottingen  and  of  Dr.  E.  Du  Bois-Reymond  of  Berlin. 
When  the  John  Crerar  Library  was  organized  and  the  question  of  a 
division  of  the  field  of  literature  between  the  three  large  libraries 
of  the  city  was  discussed,  it  was  felt  on  all  sides  that  medicine 
logically  belonged  within  its  field,  but  it  was  not  at  that  time  prac- 
ticable to  make  the  transfer.  In  1906,  however,  the  transfer  of  the 
Medical  Department  of  the  Newberry  Library,  including  the  Senn 
collection,  to  the  possession  of  the  John  Crerar  Library  was  made. 
In  1907  the  books  were  moved  to  the  quarters  of  the  latter  library : 
over  3,000  volumes  of  modern  medical  works  have  since  been  added 

*Unbound  pamphlets  are  not  included  in  this  statement. 
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to  the  department;  from  Dr.  Senn  the  department  received,  in  1906, 
an  important  gift  of  nearly  900  volumes,  including  many  scarce 
books,  and  after  his  death  his  private  library  of  some  3,500  volumes 
was  presented  to  it  by  his  heirs. 

Another  large  collection  added  to  the  John  Crerar  Library  is  the 
Gerritsen  collection,  already  mentioned.  Mr.  Gerritsen,  a  banker 
and  city  councilor  of  Amsterdam,  had  devoted  a  large  part  of  his 
life  to  collect  books  on  political  economy,  especially  money  and  bank- 
ing, finance,  and  socialism.  In  1903  he  withdrew  from  public  life, 
intending  to  make  a  journey  round  the  world,  and  decided  to  dis- 
pose of  his  library.  It  was  offered  to  the  John  Crerar  Library  and 
in  due  time  purchased.  Soon  after,  Mr.  Gerritsen  died.  The  collec- 
tion consisted  of  some  18,000  volumes  and  13,000  pamphlets,  and 
included  a  special  collection  on  the  social,  political  and  legal  status 
of  woman,  formed  by  Mr.  Gerritsen's  wife,  Dr.  Aletta  H.  Jacobs ;  a 
catalogue  of  the  major  part  of  this  collection  was  exhibited  at  the 
Paris  exposition  in  1900  and  received  a  diploma  of  honor.  Aside 
from  the  acquisition  of  these  larger  libraries  and  of  two  or  three 
collections  of  smaller  size,  the  most  important  of  which  is  that  on 
American  labor  conditions,  formed  by  Professor  Ely,  it  has  been  the 
policy  of  the  library  to  build  up  its  various  departments  systematically 
and  uniformly.  It  has  purchased  most  of  the  important  publica- 
tions within  its  field  published  since  1896,  and  a  large  part  of  those 
of  more  than  ordinary  significance  of  the  older  literature,  chiefly 
books  of  standard  value.  This  has  been  the  case,  for  instance,  with 
the  subject  of  most  interest  to  the  members  of  this  society,  engineer- 
ing. Here  the  library  can  claim  the  possession  of  a  very  good 
working  collection,  as  has  been  testified  to  by  its  use :  the  books 
classified  under  engineering,  under  building  and  under  physics  which, 
according  to  the  library's  classification,  includes  electrical  engineer- 
ing, number  on  December  31,  1908,  19,665  volumes,  and  of  these 
over  100  per  cent,  or  20,713  were  called  for  during  the  year.  The 
proportion  of  all  the  books  in  the  library  to  the  recorded  total  use, 
was  as  2.3  to  1.1  during  this  same  period.  In  addition  to  this,  5,200 
numbers  of  current  periodicals  on  engineering,  building  and  physics 
were  called  for,  representing  over  25  per  cent  of  the  total  recorded 
use  of  current  periodicals. 

The  importance  of  the  information  found  in  periodicals  and 
transactions  was  recognized  from  the  start  and  special  care  has  al- 
ways been  given  to  the  purchase  of  this  class  of  publications.  The 
library  has  now  on  its  shelves  considerably  over  10,000  serial  pub- 
lications, of  which  2,889  are  received  annually,  526  of  these  by  gift. 

The  library  published  in  1902  a  list  of  the  periodicals  currently 
received  by  it,  but  it  is  now,  of  course,  much  out  of  date ;  at  that 
time  the  library  received,  by  purchase  or  gift,  about  1,600  serials. 
In  this  list  the  titles  are  repeated  in  three  arrangements,  alphabetical, 
by  classes,  and  by  languages ;  of  Swedish  periodicals,  the  library 
received  then  18;  at  present  it  has  on  its  shelves,  all  told,  about  30 
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serials  in  the  Swedish  language.  These  number  among  them  such 
publications  as  Teknisk  Tidskrift,  Nordisk  Tidskrift,  the  whole 
series  of  periodicals  called  Svensk  Tidskrift,  from  1865  to  1895  I  ^so 
a  complete  file  of  the  publications  of  the  Academy  of  Science  at 
Stockholm.  Jernkontorets  annaler,  Hygiea  and  Nordiskt  Medicinskt 
arkiv. 

A  list  of  serial  publications  in  all,  or  nearly  all,  the  important 
libraries  in  Chicago  and  Evanston  was  published  in  1901  by  the 
Chicago  Library  Club,  and  two  editions  of  a  supplement  to  it  were 
issued  by  the  John  Crerar  Library,  the  first  in  1903,  the  second  in 
1906;  a  new  edition  of  the  original  list  will  be  undertaken  by  that 
library,  in  the  near  future.  Some  data  in  regard  to  the  number  of 
serials  in  the  libraries  of  Chicago  might  interest  you.  The  original 
list  contained  the  titles  of  6,640  serials,  of  which  3,755  were  currently 
received  in  at  least  one  library;  4,310,  or  65  per  cent  were  to  be 
found  in  only  one  library;  1,175,  or  18  per  cent,  in  two  libraries; 
580,  or  9  per  cent  in  three  libraries,  and  550,  or  8  per  cent  in  four 
or  more  libraries  ;  2,360,  or  36  per  cent,  were  in  other  languages  than 
English.  In  1906  the  total  number  of  serial  publications  in  Chicago 
libraries  was  about  12,000.  At  present,  it  is  safe  to  say  that  this 
number  is  at  least  15,000.  The  second  edition  of  the  supplement 
contains  the  titles  of  8,460  serials,  of  which  3,150  are  additions  to 
those  given  in  the  original  list,  while  the  others  w-ere  repeated  with 
alterations ;  these  alterations  were  either  made  because  files  had 
been  completed,  or  because  a  library  which  previously  did  not 
possess  certain  serials  had  secured  copies  in  the  meantime.  Of  the 
8,460  serials  listed  in  the  second  supplement,  5,240,  or  62  per  cent, 
were  received  currently ;  4,880,  or  58  per  cent,  occurred  in  one  library 
only,  1,790,  or  21  per  cent,  in  two  libraries,  810,  or  10  per  cent,  in 
three  libraries,  and  980  or  1 1  per  cent,  in  four  or  more  libraries ; 
2,810,  or  33  per  cent,  were  in  other  languages  than  English. 

Other  bibliographical  publications  of  the  library  are :  A  list  of 
books  in  the  Reading  Room,  in  1900,  (now  out  of  print,  but  a  new 
edition  is  in  preparation)  ;  a  list  of  Bibliographies  of  special  subjects, 
1902,  giving  the  titles  not  only  of  books  shelved  as  bibliographies 
but  also  of  books  on  special  subjects  which  contain  bibliographical 
information :  a  list  of  books  on  Industrial  Arts,  1903,  issued  at  the 
request  of  a  local  society,  though  the  material  in  the  library  at  that 
time  was  not  as  well  rounded  out  as  it  has  since  become ;  a  list  of 
Encyclopedias  and  Dictionaries,  1904,  the  only  guide  to  this  sort  of 
literature  that  is  known  to  me ;  and  finally,  a  list  of  books  exhibited 
December  30,  1907,  to  January  4,  1908,  in  honor  of  the  American 
Medical  Association  and  the  Bibliographical  Society  of  America, 
which  list  included  the  titles  of  all  the  incunabula  and  of  a  large 
part  of  the  sixteenth  century  books  in  the  Senn  collection.  The 
library  has  now  under  preparation,  a  list  of  books  on  the  History 
of  Science,  which  is  expected  to  be  ready  for  publication  early  next 
year.     Special  efforts  are  in  the  meantime  being  made  to  increase 
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the  library's  collection  on  this  subject.  The  purpose  of  these  pub- 
lications is  primarily  to  give  persons  living  at  a  distance,  or  con- 
stant users  of  the  library,  information  as  to  its  contents;  in  some 
cases  they  have  been  used  as  guides  for  the  purchase  of  books,  both 
for  public  and  private  libraries.  The  titles  are,  except  in  the  Ex- 
hibition list,  arranged  by  subjects,  the  system  used  being. the  Decimal 
classification,  and  they  are  repeated  under  as  many  heads  as  is  re- 
quired ;  the  lists  have  also  alphabetical  indexes  of  names  and  sub- 
jects. The  lists  are  printed  from  electrotypes  prepared  from  the 
forms  from  which  the  cards  for  the  catalogues  of  the  library  are 
printed.  These  cards,  of  which  a  small  supply  is  always  kept  on 
hand,  are  sold  at  the  nominal  price  of  one  cent  a  card,  if  ordered 
by  serial  number  or  if  all  cards  on  a  certain  subject  are  wanted, 
and  at  two  cents  for  the  first  card  and  one  cent  for  additional  cards 
for  the  same  title,  if  a  selection  is  involved.  Through  these  printed 
cards  it  is  possible  for  the  library  to  supply  information  in  regard  to 
its  resources  in  special  fields,  and  to  keep  such  information  up  to 
date.  I  mentioned  the  list  of  books  in  the  reading  room.  These 
number  about  4,000  and  are  intended  to  include,  besides  general 
books  of  reference  and  the  most  useful  bibliographies,  the  best  books, 
both  advanced  and  popular,  on  each  important  subject  within  the 
scope  of  the  library,  and  a  selection  of  other  works  either  specially 
interesting  or  much  in  demand.  These  books  can  be  consulted  with- 
out any  formality;  the  books  in  the  stack,  of  course,  will  have  to  be 
called  for  on  specially  provided  call  slips ;  readers  wishing  to  con- 
sult a  large  number  of  books  are  admitted  to  the  stacks  after  applica- 
tion to  the  Reference  Librarian.  The  collection  of  books  on  the 
open  shelves  in  the  medical  reference  room  are  selected  on  a  some- 
what wider  plan  than  those  in  the  general  reading  room.  The  library 
is  a  reference  library  and  books  are  not  issued  for  home  use ;  in 
special  cases,  however,  if  a  book  is  needed  for  use  in  connection  with 
a  certain  piece  of  work  it  can  be  loaned  for  a  very  short  time,  unless 
it  is  of  a  kind  that  is  constantly  required  on  the  premises.  Some 
other  reason  than  the  personal  convenience  of  the  would-be  borrower 
must  be  given.  Books  can  also  be  lent,  on  similar  conditions,  to 
students  out  of  town,  and  the  library  will  borrow  for  its  patrons, 
books  from  libraries  in  other  cities  to  be  used  on  its  premises. 
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PROCEEDINGS   OF  THE  SOCIETY 

MINUTES  OF  MEETINGS 

Regular  Meeting,  May  5,  1909. 

A  regular  meeting  (No.  662)  of  the  Society  was  held  Wednesday  evening, 
May  5th.  The  meeting  was  called  to  order  at  8  125  p.  m.  with  President  Allen 
in  the  chair  and  about  100  members  and  guests  present.  The  minutes  of  the 
meetings  of  April  7th  and  2ist  were  read  and  approved. 

The  Secretary  reported  from  the  Board  of  Direction  the  election  into  mem- 
bership of  the  following  :  Grade. 

Edwin    A.    Howes,    Chicago Active 

Chas.  C.   Chappelle,   Chicago Active 

Frederic  S.  Sly,  Chicago Associate 

Thomas  W.  Orbison,  Appleton,  Wis Active 

James  O.  Hey  worth,  Chicago Active 

Hiram  W.   Elliott,   Chicago Junior 

W.  H.  Kellogg,  Jr.,  Grand  Rapids,  Mich Junior 

Jos.   D.   McCord,   Milwaukee,   Wis Junior 

Charles  Stewart,   Chicago Junior 

Also  that  the  following  had  applied  for  membership : 

Victor  Guillemin,  Milwaukee,  Wis. 

Rudolph  F.  Kelker,  Jr.,  Chicago. 

Manley  W.  Cluxton,  Chicago. 

Herbert  W.  Young,  Chicago. 

Wm.  H.  Petersen,  Chicago. 

The  following  resolution,  prepared  by  a  committee  consisting  of  Messrs. 
Giaver,  Brunner,  Finley,  Davidson  and  Ritter,  was  presented  by  Mr.  Giaver, 
chairman,  and  read  to  the  Society  by  the  Secretary  : 

Whereas,  There  is  before  the  General  Assembly  of  the  State  of  Illinois  a 
bill  providing  for  the  appointment  of  a  Commission  to  revise  and  codify  the 
building  laws  of  the  State  of  Illnois ;  and 

Whereas,  The  object  of  so  revising  and  codifying  the  building  laws  of  the 
State  of  Illinois  is  to  provide  for  the  safety  in  construction  and  sanitary 
arrangements  of  public  buildings  in  general ;  and 

Whereas,  The  preamble  and  resolution  now  before  the  General  Assembly 
lays  especial  stress  on  the  engineering  features,  structural  and  sanitary,  of  our 
buildings,  and  the  mechanical  and  electrical  features  of  their  equipment,  and 
it  is  the  sense  of  the  Western  Society  of  Engineers  that  the  engineering  pro- 
fession should  have  a  fuller  representation  on  the  proposed  Commission  if 
the  desired  result  shall  be  obtained ;  therefore 

Be  It  Resolved  that  the  Western  Society  of  Engineers  recommends 
that  the  Commission  to  be  appointed  for  the  above  purpose  should  include  one 
member  from  the  Western  Society  of  Engineers  and  one  member  from  each 
of  the  following  national  engineering  societies:  The  American  Society  of 
Civil  Engineers,  the  American  Society  of  Mechanical  Engineers,  and  the 
American  Institute  of  Electrical  Engineers ;  said  members  to  be  citizens  of 
the  state  of  Illinois,  and  the  number  of  members  on  the  Commission  to  be 
increased,  if  necessary,  to  accomplish  the  above  object. 

Resolved  further  that  this  resolution  be  spread  upon  the  minutes  of 
the  Society,  and  that  a  copy  of  same  be  sent  to  the  proper  officials  of  each  of 
the  national  engineering  societies,  the  Secretary  of  State  of  Illinois,  the 
Speaker  of  the  House,  the  President  of  the  Senate,  and  members  of  the 
General  Assembly. 

The  resolution  was  discussed  by  Messrs.  Giaver  and  Finley  and  then  put  to 
a  vote  and  adopted. 

444 

Vol.  XIV.     No.  3 


Society  Notes  44.1 

Prof.  L.  P.  Breckenridge,  M.W.S.E.,  was  then  introduced  who  presented 
his  paper,  in  abstract,  on  "The  Engineering;  Experiment  Station  and  its 
Relation  to  Illinois  Industries."  A  number  of  interesting  lantern-slide  views 
were  shown  in  explanation  of  the  paper. 

Discussion  followed  from  President  Allen  and  Messrs.  W.  F.  M.  Goss,  W. 
L.  Abbott,  and  James  Lyman. 

The  meeting  adjourned  about  10:20  p.  m.,  when  some  refreshments  were 
served. 

Extra  Meeting  of  May  19,  1909. 

An  extra  meeting  of  the  Society  (No.  663),  was  held  Wednesday  evening, 
May  19th.  The  meeting  was  called  to  order  at  8:25  p,  m.  with  Vice-President 
Junkersfeld  in  the  chair  and  about  70  members  and  guests  present.  There 
was  no  business  to  bring  before  the  Society,  so  Maj.  W.  V.  Judson,  of  the 
U.  S.  Engineers,  now  of  Washington,  D.  C,  was  introduced,  who  presented 
his  paper — "Concrete  Steel  Caissons ;  Their  Development  and  use  for  Break- 
waters, Piers  and  Revetments."  The  paper  was  illustrated  by  a  number  of 
stereopticon  views.  Discussion  followed  from  W.  H.  Finley,  L.  K.  Sherman, 
Thomas  H.  Rees,  Admiral  Ross,  C.  McD.  Townsend,  and  Maj.  Judson. 

In  the  remarks  of  Admiral  Ross,  of  the  Great  Lakes  Naval  Training  Station, 
near  Lake  Bluff,  111.,  he  extended  an  invitation  to  the  Western  Society  of 
Engineers  to  visit  the  Naval  Station,  which  invitation  was  accepted,  inform- 
ally, by  the  Society. 

Mr.  O.  P.  Chamberlain  offered  a  motion  of  a  vote  of  thanks  to  Maj.  Judson 
for  his  valuable  and  interesting  paper. 

The  meeting  adjourned  at  10:15  p.  m. 

Extra  Meeting,  May  27,  1909. 

A  special  extra  meeting  (No.  664)  was  held  Thursdav  evening,  May  27th, — 
a  "Ladies  Night." 

The  Treasurer,  Mr.  A.  Reichmann,  presided,  calling  the  meeting  to  order 
about  8:20  p.  m.,  with  about  125  members  and  guests  present. 

Mr.  Isham  Randolph,  m.w.s.e.,  was  introduced  who  gave  an  entertain- 
ing account,  with  lantern  slide  illustrations,  of  his  trip  last  January,  to  Panama. 
The  speaker  was  one  of  a  board  of  engineers,  commissioned  by  President 
Roosevelt,  to  accompany  Mr.  Taft  to  Panama  to  look  over  the  plans  and  work 
done,  and  to  make  a  report  on  the  results  of  their  studies  and  observations. 

The  meeting  adjourned  about  9:40  p.  m.,  when  refreshments  were  served. 

J.  H.  Warder, 

Secretary. 

Joint  Meeting  Electrical  Section  W.  S.  E.  and  Chicago  Branch  A.  I.  E.  E., 

May  28,  1009. 

A  meeting  (No.  43)  of  the  Electrical  Section  W.  S.  E.  (being  No.  665  of  the 
Society)  was  held  jointly  with  the  Chicago  Branch,  American  Institute  of 
Electrical  Engineers,  on  Friday  evening,  May  28th. 

The  meeting  was  called  to  order  about  8:30  p.  m.  with  Mr.  W.  L.  Abbott, 
Chairman,  Chicago  Branch  A.  I.  E.  E.,  presiding,  and  about  190  members 
and  guests  in  attendance. 

The  Chairman  presented  the  subject  of  the  evening — "Certain  Phases  in 
the  Development  of  the  Street  Railway  Systems  of  this  City,"  and  introduced 
Mr.  B.  J.  Arnold,  Chief  of  Board  of  Supervising  Engineers.  Mr.  Arnold 
explained  the  composition,  duties,  and  responsibilities  of  the  Board  of  Super- 
vising Engineers,  and  the  evolution  of  their  work,  under  the  ordinances  of 
the  city.  He  was  followed  by  Mr.  H.  B.  Fleming,  who  presented  a  paper 
describing,  somewhat  in  detail,  the  technical  side  of  the  subject.  "Street  Rail- 
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way  Carhouse  Design  and  Operation,  Carhouse  Repairing  and  Cleaning."  The 
Chairman  then  introduced  Mr.  George  Weston,  another  member  of  the  Board 
of  Supervising  Engineers,  representing  the  interests  of  the  city  of  Chicago, 
who  recounted  the  work  of  reconstruction  of  tracks,  etc.  Other  discussion 
followed  from  Messrs.  Budd,  Junkersfeld,  Lake,  Roper  and  Arnold. 

As  Mr.  Abbott  had  to  leave  early,  to  go  out  of  the  city,  Mr.  W.  B.  Jackson 
succeeded  him  in  the  chair. 

The  meeting  adjourned  about  10:40  p.  m. 

J.   II.  Warder, 

Secretary. 
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The  Library  Committee  wishes  to  express  thanks  for  donations 
to  the  library.  Back  numbers  of  periodicals  are  desirable  for 
exchange  and  in  completing  valuable  volumes  for  our  files. 

Since  the  issue  of  the  Journal  for  April,  1909,  we  have  the 
pleasure  to  report  the  following  additions  to  the  library  and  gifts 
from  donors  named: 

Miscellaneous  Gifts. 

J.  H.  Warder,  Secretary,  "From  Sail  to  Steam."  Mahan.  Cloth.  "Elements 
of   Geology,"   Le   Conte.      Cloth. 

Board  of  Water  Supply,  New  York,  Contracts  Nos.  13  to  32,  Board  of  Water 
Supply,  New  York,  N.  Y.     4  pams. 

John  Wiley  &  Sons,  New  York,  "Railroad  Structures  and  Estimates,"  J.  W. 
Orrock.    Cloth. 

Armour  Institute,  Chicago,  1909  Bulletin.     Pam. 

Benezette  Williams,  m.w.s.e.,  Chicago,   Professional   Papers   of  the  Corps  of 

Royal   Engineers.     Vols.    1-10  incl.     Cloth. 
Association  of  Water  Engineers,  London,  Transactions  1908,  Vol.  XIII.    Cloth. 

Charles  J.  Poetsch,  m.w.s.e.,  Milwaukee,  Wis.  Annual  Report  of  City  Engi- 
neer of  Milwaukee,   1908.     Cloth. 

Prof.  W.  D.  Pence,  m.w.s.e.,  Madison,  Wis.  Report  of  Wisconsin  Tax  Com- 
mission, 1907  and  1909.     2  Vols.     Cloth. 

Lincoln  Bush,  m.w.s.e.,  New  York.    "Bush  Track  Construction."     Pam. 

John  F.  Icke,  m.w.s.e.,  Madison,  Wis.  First,  Second  and  Third  Annual 
Reports,  City  Engineer  of  Madison,  Wis.     3  pams. 

Charles  B.  Ball,  Chicago,  Proceedings,  American  Society  of  Inspectors  of 
Plumbing  and  Sanitary  Engineering.    Vol.  Ill,  1908.     Pam. 

E.   E.  R.   Tratman,   m.w.s.e.,   Chicago,   Statistics   of  Railways  in  the  United 

States  in  1906.    Cloth. 
Water  Supply  &  Irrigation  Paper  No.  223.     Pam. 
Bulletin,  International  Railway  Congress,  April  1909.     Pam. 
City  Engineer,  Providence,  R.  I.,  Annual  Report  of  City  Engineer,  1908.     Pam. 
A.  G.  Leonard,  State  Geologist,  Bismark,  N.  D.,  Second,  Third,  and  Fourth 

Biennial  Reports  of  the  State  Geological  Survey  of  North 

Dakota.     3  pams. 
Architectural  Record  Co.,  New  York,  Sweet's  Index,  1909.    Cloth. 
A.  P.  Low,  Ottawa,  Can.,  Report  of  the  Department  of  Mines.  1908.     Pam. 
Sanderson    &    Porter,    New    York,    Hydro-electric    Development    at    Berrien 

Springs,  Mich.     Pam. 
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Commissioners  of  Lincoln  Park,  Chicago,  Annual  Report  for  1908.    Pam. 

Wm.  H.  Scoville,  Comm.,  Hartford,  Conn.,  Reports  of  Bureau  of  Labor 
Statistics,  State  of  Connecticut,  1889,  1891,  1892,  1893,  T894» 
1898,   1900,  1905,   1906,  1908.     7  Vols.     Cloth.     3  pams. 

Minister  of  Lands,  Forests,  and  Mines,  Toronto,  Can.,  Sixteenth  Report  of 
the  Ontario  Bureau  of  Mines.    1907.     Cloth. 

Government. 

U.  S.  Geological  Survey,  Department  of  the  Interior. 
Professional    Paper    No.    59. 
Bulletins  Nos.  356,  368,  371,  372,  376,  378. 
Water  Supply  and  Irrigation  Papers  Nos.  223  and  225. 
28  Topographical  Maps. 

Production  of  Monazite  and  Zircon  in  1908. 
Production  of  Salt  and  Bromine  in  1908. 
Production  of  Bauxite  and  Aluminum  in  1908. 

Interstate  Commerce  Commission,  Statistics  of  Railways  in  U.  S.  1907.    Cloth. 
Annual  Report  for  1899.     Cloth. 

War  Department,  Chief  of  Engineers,  Preliminary  Report  on  Inland  Water- 
ways Commission.     Pam. 
Report  of  Jamacia  Bay  Improvement  Commission.     2  pams. 
Annual  Report  of  Chief  of  Engineers,  Vol.  5,  1908.    Cloth. 

Department  of  Commerce  and  Labor,  Mortality  Statistics,  1907.     Cloth. 
Precise  Leveling  in  the  U.  S.     Paper. 

Department  of  Agriculture,  Circular  No.   162. 

The  White  House,  Proceedings,  Conference  of  Governors,  1908.     Cloth. 


MEMBERSHIP 


ADDITIONS  TO  MEMBERSHIP.  Grade. 

Howes,    Edwin   A.,    Chicago Active 

Chappelle,   Charles   C,   Chicago Active 

Sly,    Frederic    S.,    Chicago Associate 

Orbison,  Thomas  W.,  Appleton,  Wis Active 

Heyworth,    James    O.,    Chicago Active 

Elliott,    Hiram   W.,   Chicago .Junior 

Kellogg,  W.  H.  Jr.,  Grand  Rapids,  Mich .Junior 

McCord,  Joseph  D.,  Milwaukee,  Wis Junior 

Stewart,    Charles,    Chicago Junior 

Fry,   George  W.,   Charlottesville,  Va Active 

Evans,   William  G.,   Chicago Active 

Baughman,  Charles  A.,  Marshalltown,  Iowa Active 

Zaremba,   Edward,   Chicago Active 

McCabe,   Horace  B.,   Chicago Active 

Guillemin,   Victor,   Milwaukee,   Wis Active 

Kelker,   R.   F.   Jr.,   Chicago ' Active 

Young,   H.   W.,   Chicago Associate 

Petersen,    W.    H.,    Chicago Active 

Flagg,  Samuel  B.,  Pittsburg,   Pa Active 
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WESTERN  SOCIETY  OF  ENGINEERS 

Secretary's  Office,  Library,  Reading  Room  and  Meeting  Rooms 
1735  Monadnock  Block,  Chicago. 

LIST  OF  OFFICERS  FOR  1909 

President Andrews  Allen 

First  Vice-President P.  Junkersfeld 

Second  Vice-President O.  P.  Chamberlain 

Third  Vice-President W.  F.  M.  Goss 

Treasurer A.  Reichmann 

TRUSTEES 

W.  C.  Armstrong Terra  expires  January,  1910 

L.  E.  Ritter Term  expires  January,  1911 

G.  M.  Brill   Term  expires  January,  191 2 

B.  J.  Arnold,  W.  L.  Abbott.C.  F.  Loweth Past  Presidents. 

The  above  named  officers  of  the  Society  and  three  past  presidents,  constitute  its  Board 

of  Direction. 


Secretary  and  Librarian 
J.  H.  WARDER 

COMMITTEES 

On  Finance — P.  Junkersfeld,   A.  Reichmann,  John  Brunner 

On  Publication  —  O .  P.  Chamberlain,  C.  B.  Burdick,  Wm.  B.  Jackson, 

A.  Bement,  Ernest  McCullough,  E.  N.  Layfield,  M.  K.  Trumbull,  O.  J.  West. 

On  Library — W.  C.  Armstrong,  L.  J.  Hotchkiss,  E.  N.  Lake. 

On  Amendments — C.  F.  Loweth,  W.  L.  Abbott,  B.  J.  Arnold, 

W.  T.  Reeves,  M.  K.  Trumbull. 
On  Membership — L.  E.  Ritter,  CM.  Denise,  D.  W.  Roper. 
On  Entertai7iment — G.  M.  Brill,  W.  A.  Hazard,  James  Lyman. 
On  Increase  of  Membership — S.  T.  Henry,  F.  W.  Boldenweck, 

C.  W.  Brooks,  Arthur  Lewis,  M.  W.  Priseler. 

THE  ELECTRICAL  SECTION 

Wm.  B.  Jackson,  Chairman,  P.  B.  Woodworth,  Vice-Chairman,  for  1901). 

K.  B.  Miller 1  year 

E.  N.  Lake 2  years 

W.  L.  Abbott 3  years 

Members  of  Executive  Committee. 

MEETINGS 

Regular  Meeting — 1st  Wednesday  evening  of  each  month  except  January 
July  and  August. 

Extra  Meeting — Generally  the  3rd  Wednesday  evening  of  each  month  except 
July  and  August. 

Electrical  Section — Wm.  B.  Jackson,  Chairman,  generally  the  2d  Friday  of 
the  month,  October  to  May,  inclusive. 

Board  of  Direction — The  Tuesday  preceding  the  1st  Wednesday  of  each  month. 

NOTICE 

From  the  dues  of  each  member,  $2.00  is  set  aside  as  a  subscription  to  the  Journal. 
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DERRICK  CARS  AND  BRIDGE  ERECTION. 

WITH  SOME  TESTS  OF  IRON  PULLEY  BLOCKS. 
J.    H.    PRIOR,    M.W.S.E. 

Presented  March  3,  1909. 

The  files  of  the  Bridge  &  Building  Department  of  the  C.  M.  &  St. 
P.  Ry.  contain  some  records  of  tests  on  blocks,  as  well  as  some  de- 
signs of  derrick  cars  and  travelers,  made  under  the  direction  of  Mr. 
C.  F.  Loweth,  Past  President  of  this  Society,  which  it  is  thought 
may  be  of  interest  to  the  members. 


FIC.  2. 


DESIGN  OF  30  TON  DERRICK  CAR. 

In  General.  Most  of  the  features  of  the  car,  designed  by  W.  F. 
Rech,  are  shown  in  Fig.  1,  which  shows  a  15  ft.  3  in.  mast,  a  30  ft. 
boom,  some  2%  in.  by  2%  in.  bars  for  the  backstays,  together  with 
the  engine  and  rigging  mounted  on  a  50  ft.  flat  car  of  heavy  con- 
struction. 

The  principal  requirements  of  a  derrick  car  are : 

(1 )  Length  of  boom  reach,  with  necessary  stability  of  the  car. 

(2)  Strength  of  parts,  with  the  required  lightness  for  handling. 
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The  number  of  uses  to  which  a  derrick  car  can  be  put  are  almost 
in  proportion  to  its  length  of  boom. 

The  longer  the  boom  and  the  greater  its  capacity,  the  greater  must 
be  the  longitudinal  and  lateral  stability  of  the  car.  The  longitudinal 
stability  (parallel  with  the  track)  is  comparatively  easily  obtained 
by  increasing  the  length  of  the  car,  in  this  case  to  50  ft,  and  by 
adding  the  counter-weight  required,  to  the  weight  of  the  engine 
and  rigging  already  in  place.  The  lateral  stability  is,  however,  a 
difficult  matter  to  provide  and  is  a  more  doubtful  quantity  than 
any  other  feature  of  the  car :  this  is  due  mostly  to  the  fact  that  the 
width  of  base  of  the  car  available  against  overturning  is  limited 
to  the  distance  C.  to  C.  of  rails,  unless  outriggers  or  guys  are  used. 
The  lateral  overturning  moment  of  the  load  is  measured  by  the  prod- 
uct of  the  load  into  its  distance  from  the  nearest  rail,  and  this  over- 
turning is  resisted  by  a  moment  which  is  the  product  of  the  weight 
of  the  car  into  one-half  the  distance  between  the  rails. 

As  this  half  distance  between  the  rails,  or  the  lever-arm  of 
lateral  moment  of  resistance,  is  only  about  30  inches,  it  is  apparent 
that  the  capacity  of  the  car  for  lifts  at  any  distance  from  the  center 
line  of  track  is  limited.  The  exact  figures  are  given  in  the  table, 
Fig.  I. 

To  reduce  the  stresses  in  the  boom  tackle  and  its  consequent 
weight,  it  is  desirable  to  make  the  height  of  the  tower  as  great  as 
possible,  but  the  permissible  height  of  the  tower  is  limited  by  the 
clear  head  room  in  through  truss  bridges  and  under  telegraph  wires, 
during  transit  and  also  when  the  car  is  at  work. 

In  the  design  shown,  the  top  of  the  tower  is  21  ft.  3  in.  above 
top  of  rail,  and  it  can  be  seen  that  the  design  of  the  connection  at 
the  top  of  the  tower  makes  practically  all  of  this  height  effective. 

The  upper  part  of  the  tower  consists  of  an  "A"  frame,  shown  in 
Fig.  2,  which  can  be  removed  when  the  car  is  in  transit,  thus  bring- 
ing the  total  height  of  the  car  well  within  the  overhead  clearances 
of  any  railroad. 

The  square  tower  is  fully  rigged  so  that  when  the  "A"  frame 
is  removed  the  car  can  be  used  for  all  purposes,  but,  as  the  stresses 
in  the  top  tackle  are  increased,  the  capacity  of  the  car  is  reduced. 

The  shortest  boom  is  made  of  two  15  ft.  sections ;  additional  inter- 
mediate sections  of  20  ft.  and  35  ft.  are  provided,  making  lengths 
of  boom  of  30  ft.,  50  ft.,  65  ft.,  or  85  ft.  available, 

When  heavy  loads  are  being  lifted,  there  is  a  provision  for  the 
insertion  of  a  tight  fitting  hard  wood  block  between  the  body  bolster 
of  the  car  and  the  side  frame  of  the  truck.  This  permits  part  of 
the  load  to  be  transmitted  directly  from  the  car  body  bolster  to  the 
truck  side  frame  and  relieves  the  side  bearings  and  springs  of  what- 
ever load  passes  through  the  hard  wood  block. 

Fig.  1  shows  the  arrangement  of  lines,  also  of  the  clutches, 
brakes  and  throttle  under  the  control  of  the  engineer.     These  fea- 
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tures  are  shown  in  diagram  only  and  the  cut  does  not  represent 
the  actual  construction  of  the  engine. 

All  winch  heads  and  drums  shown  are  also  provided  with  a 
rachet  and  pawl,  not  shown  in  the  diagram. 

This  diagram  shows  a  30  H.P.  engine,  of  a  type  extensively 
used  in  bridge  erection.  The  chief  characteristic  of  this  type  (which 
is  common  to  the  different  makes)  is  that  all  shafts,  together  with 
all  gear  wheels  attached  to  same,  are  caused  to  revolve  whenever 
steam  is  admitted  to  the  cylinder.  The  drums  run  loose  upon  their 
shafts  and  can  be  made  to  revolve  with  the  shafts,  upon  which  they 


FIG.  6. 


are  carried,  by  means  of  friction  clutches.  When  the  friction  clutch 
is  disengaged,  the  drum  can  be  held  without  motion  by  means  of 
the  brake  or  the  rachet  and  pawl,  the  shaft,  in  the  meantime  revolv- 
ing for  the  purpose  of  handling  other  lines. 

The  winch  heads  are  also  loose  upon  their  shafts,  but  may  be 
fixed  to  the  shafts  by  the  jaw  clutches  shown,  or,  when  the  jaw 
clutches  are  disengaged,  the  winch  heads  may  be  held  in  one  posi- 
tion by  means  of  rachets  at  their  ends  and  pawls  connected  to  the 
frame  of  the  engine.  When  the  winch  head  is  held  against  motion 
by  the  pawl,  it  may  be  used  for  fastening  the  line  or  holding  the 
load,  although  the  shaft  upon  which  it  is  carried  may  be  revolving 
while  the  engine  is  handling  other  lines. 
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With  no  lb.  of  steam  pressure,  the  engine  can  exert  a  pull  of 
about  8,000  lb.  on  a  line  fastened  to  the  drum.  As  this  8,000  lb. 
is  exerted  at  a  radius  of  eight  inches  from  the  center  of  the  shaft, 
a  considerably  greater  pull  can  be  exerted  by  the  winch  head,  which 
has  a  somewhat  smaller  radius. 

As  shown  in  Fig.  1,  each  swinging  line  and  runner  line  after 
passing  from  the  front  of  the  car  is  given  a  number  of  wraps  around 
the  winch  head  and  then  passes  into  the  hands  of  the  winch  head 
man.  The  pull,  which  the  winch  head  exerts  upon  the  line,  depends 
upon  the  number  of  wraps  which  the  line  makes  around  the  winch 
head,  and  also  upon  the  pull  exerted  by  the  winch  head  man  upon 
the  end  of  the  line.  A  very  light  pull,  with  only  a  few  wraps  around 
the  winch  head,  permits  the  winch  head  to  slip  and  revolve  within 
the  line  which  is  wrapped  around  it ;  a  greater  pull  and  more  wraps 
causes  the  winch  head  to  grip  the  line  with  a  force  which  can  be 
increased  up  to  the  breaking  strength  of  the  line.  The  boom  line 
and  the  load  line  are  fastened  to  the  drum,  but  before  commencing 
operations,  it  is  usual  to  take  a  few  wraps  around  the  drum,  in 
order  to  reduce  the  stress  where  the  line  is  fastened  to  the  drum. 

On  this  engine,  one  engineer  controls  the  throttle,  in  addition  to 
operating  the  two  friction  drums.  One.  winch  head  man  operates 
the  two  swinging  lines  and  a  second  winch  head  man  operates  the 
runner  line  when  it  is  in  use.  This  makes  a  total  of  three  men  in 
the  cab,  the  engineer  doing  his  own  firing. 

The  car  can  propel  itself  with  its  own  power  in  either  direction 
by  means  of  a  chain  wheel,  which  carries  a  1%  in.  chain  which 
passes  around  and  drives  a  sprocket  wheel  keyed  to  the  forward 
axle  of  the  rear  truck.    The  chain  wheel  is  driven  as  follows : 

A  gear  wheel  is  placed  on  each  end  of  the  front  shaft,  Fig.  1. 
The  gear  wheel  at  one  end  of  the  shaft  is  connected  by  a  train  of 
gears  with  the  chain  wheel,  so  as  to  make  it  revolve  in  the  direction 
which  the  engine  is  running  and  the  gear  wheel  at  the  other  end  of 
the  shaft  is  connected  by  a  similar  train  of  gears  so  as  to  make  the 
chain  wheel  revolve  in  the  reverse  direction.  The  gears  at  the  ends  of 
the  shaft  run  loose  and  can  each  be  thrown  into  service  (the  other 
gear  running  idle)  by  means  of  a  jaw  clutch,  feathered  to  the  mid- 
dle of  the  shaft.  This  arrangement  permits  the  car  to  be  propelled 
in  either  direction  by  a  non-reversible  engine. 

Some  uses  of  the  30  ton  car.  On  a  structure  such  as  the  Peedee 
Viaduct,  shown  in  Fig.  3,  where  the  material  must  be  brought  out 
on  the  track  and  where  falsework  cannot  be  economically  used,  a 
boom  of  80  ft.  reach  would  be  required  to  place  a  single  bent  ahead 
of  the  portion  of  the  structure  already  erected.  The  same  result 
can  be  accomplished  with  a  shorter  boom,  though  not  so  conven- 
iently, by  outhauling  the  member  beyond  the  reach  of  the  boom, 
as  is  shown  in  Figs.  4,  5  and  6.  These  illustrations  show  the  pro- 
gressive stages  in  the  erection  of  a  75  ft.  viaduct  span  ahead  of  the 
derrick  car  without  the  use  of  falsework.     The  last  view,  Fig.  6, 
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shows  the  75  ft.  track  girder  being  placed  in  position.  At  the  con- 
clusion of  this  operation  the  structure  is  self-supporting  and,  as 
soon  as  the  laterals  are  placed,  the  track  ties  and  rails  can  be  laid, 
which  will  permit  the  derrick  car  to  move  forward  75  ft.  and  com- 
plete the  erection  of  the  50  ft.  tower. 

At  the  third  crossing  of  the  Missoula  River,  shown  in  outline  in 
Fig.  7,  there  is  a  240  ft.  span  crossing  a  torrential  mountain  stream. 
The  bottom  of  this  stream  is  bare  rock  and  does  not  afford  the  an- 
chorage which  falsework  would  require  to  resist  the  force  of  the 
current.  This  made  it  necessary  to  design  the  span  so  it  could  be 
erected  as  a  cantilever;  the  joints  being  arranged  as  shown  in  the 
figure,  the  structure  would  be  rendered  self-supporting,  with  the 
completion  of  each  connection. 

Working  from  the  end  of  the  structure  (to  the  right  on  Fig.  7), 
the  70  ft.  girders  were  first  placed.  Figure  8  shows  the  first  mem- 
ber for  the  240  ft.  span  being  placed  by  the  derrick  car  standing  at 
the  end  of  the  completed  120  ft.  span.  Figure  9  shows  the  240  ft. 
span  self-supporting  as  a  cantilever,  with  derrick  car  near  the  end; 
this  illustration  also  shows  the  guying  of  the  car  on  the  boom.  Figure 
10  shows  the  last  members  in  the  240  ft.  span  being  placed. 

The  two  bents  of  falsework  in  Fig.  10  were  placed  to  make  the 
handling  of  the  last  members  of  this  span  more  convenient.  The 
water  level  shown  in  the  photograph  is  considerably  lower  than  the 
level  which  was  expected  at  the  time  the  erection  was  planned.  In 
Fig.  11  is  shown  one  of  the  80  ft.  spans  being  placed  and  the  struct- 
ure practically  completed. 

The  spans  between  towers  of  Cow  Creek  Viaduct,  Fig.  12,  are  61 
ft.  8  in.  In  order  to  place  a  tower  bent  ahead  of  the  completed  por- 
tion of  the  structure  without  outhauling,  a  boom  of  66  ft.  8  in. 
reach  would  be  required.  These  bents,  however,  were  placed  with 
the  65  ft.  boom  available,  the  small  amount  of  outhauling  being  done 
with  hand  lines. 

As  shown  in  Fig.  13,  the  material  for  this  viaduct  was  brought 
out  to  the  point  where  it  was  required  on  a  small  tramway  running 
on  the  ground  along  the  center  line  of  viaduct,  the  material  being 
delivered  to  the  tramway  from  the  track  above  by  a  wrecking  crane, 
which  happened  to  be  available.  This  method  differs  from  that  used 
at  Peedee  Viaduct,  Fig.  4,  where  all  material  was  delivered  above 
and  carried  to  its  position  suspended  from  the  boom  of  the  derrick 
car.  This  method  of  bringing  out  the  material  on  a  tramway  was 
made  possible  by  the  level  bottom  of  the  valley  which  the  viaduct 
crosses. 

This  illustration  also  shows  the  lower  story  of  the  tower  being 
erected  by  a  mule  traveler,  running  on  a  wide  gauge  track  and  mov- 
ing continuously  away  from  the  portion  of  the  structure  erected.  The 
details  of  this  traveler  are  shown  in  Fig.  14.  This  arrangement, 
which  kept  the  derrick  car  continuously  supplied  with  material  with- 
out moving  from  its  position  at  the  end  of  the  completed  portion, 
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greatly  increased  the  erection  speed.  This  viaduct,  as  shown  in  Fig. 
12,  consists  of  27  spans,  supported  by  12  towers,  and  was  erected  by 
the  company  forces  in  eighteen  consecutive  days. 

DESIGN  OF  50  TON  DERRICK  CAR. 

In  General.  Figure  15  shows  the  general  features  of  the  50  ton 
derrick  car,  designed  by  W.  E.  Pruett.  The  principal  requirements 
of  design  and  the  difficulties  encountered  in  satisfying  them,  as  given 
in  the  description  of  the  30  ton  car,  are  equally  true  as  applied  to 
the  50  ton  car ;  but,  in  this  case,  the  essentials  of  reach,  stability,  etc., 
were  provided  in  a  somewhat  different  manner. 

The  longitudinal  stability  of  the  car  was  increased  by  the  addition 
of  25  tons  of  counter-weight;  and  its  lateral  stability  by  the  use  of 
outriggers. 

Figure  15  shows  this  car  to  consist  of  a  steel  superstructure 
mounted  on  a  steel  flat  car.  The  "A"  frame,  which  performs  the 
work  of  a  mast,  is  riveted  to  two  transverse  channels  which  are  fitted 
to  the  two  circular  castings  "M,"  which,  in  turn,  rest  on  the  plates 
which  are  riveted  to  the  sides  of  the  car.  The  channels  form  a  box, 
into  which  the  I  beam  outrigger  telescopes  when  not  in  use  and  from 
which  it  can  be  withdrawn,  when  required,  to  either  side  of  the  car, 
depending  upon  the  point  from  which  the  load  is  to  be  lifted.  The 
outer*  end  of  the  outrigger  rests  on  blocking  or  a  jack,  bearing 
against  the  ground. 

To  reduce  the  stress  in  the  boom  tackle,  the  "A"  frame  is  made 
as  high  as  possible,  being  as  shown,  21  ft.  %  m-  over  all  above  the 
top  of  rail.  This  height  is  within  available  clear  headroom,  but 
can  be  materially  reduced  by  revolving  the  "A"  frame  backwards 
around  the  casting  "M"  (as  shown  in  dotted  lines)  when  the  car 
is  in  transit. 

At  the  top  of  the  "A"  frame  is  a  forging  revolving  on  its  hori- 
zontal axis  and  having  bearings  for  its  ends  in  the  "A"  frame  and 
back  stays.  A  vertical  pin  passes  through  this  forging.  To  this 
vertical  pin  are  attached  two  short  eye  bars,  which  are  also  attached 
to  the  lower  block  of  the  top  tackle.  The  backstays,  as  mentioned, 
are  also  connected  to  this  forging,  which  is  about  as  central  a  con- 
nection as  can  be  obtained  in  a  derrick  car. 

The  boom  is  in  sections  and  has  a  maximum  length  of  80  ft.  when 
assembled.  By  the  removal  and  substitution  of  intermediate  sec- 
tions, this  length  can  be  reduced  to  65  ft.,  57  ft.  or  42  ft.  The  thrust 
of  the  boom  at  the  bottom  is  transmitted  by  a  casting  terminating 
in  a  spherical  surface,  to  a  bronze  bushed  socket  forming  a  ball 
and  socket  joint.  The  16  ft.  bars  shown  at  the  end  of  the  boom 
tackle  are  necessary  to  keep  same  clear  of  the  boom  when  using  long 
booms  at  high  elevation.  The  capacities  of  the  boom  in  various  posi- 
tions are  shown  in  the  table,  in  the  engraving  Fig.  16.  In  spite  of 
instructions,  greater  loads  than  these  have  often  been  lifted  in 
service. 

August,  1909 


460 


Prior — Derrick  Cars  and  Bridge  Erection 


In  Fig.  16  is  shown  the  arrangement  of  lines  on  the  car,  also  a 
diagram  of  the  clutches,  brakes,  etc.,  but  not  the  actual  construction 
of  the  car. 

The  engine  and  propelling  device  on  this  car  are  of  the  same 
type  as  described  under  the  30  ton  car  and  are  operated  in  a  similar 
manner,  except  that  the  engine  is  50  H.  P. 

This  car  is  equipped  with  a  large  locomotive  air  compressor.  With 
a  boiler  pressure  of  no  lb.,  this  compressor,  with  the  assistance  of 
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Fig.  13. 

two  storage  tanks  located  underneath  the  car  floor,  will  supply  suffi- 
cient air  at  100  lb.  pressure  for  the  operation  of  five  riveting  ham- 
mers. 

This  compressor  also  furnishes  the  air  for  operation  of  the  car 
air  brakes ;  the  presence  of  an  air  brake  on  the  car  puts  the  move- 
ment of  the  car  as  thoroughly  under  the  control  of  the  engineer  as  it 
is  when  the  car  is  handled  by  a  locomotive,  and  this  has  proven  a 
valuable  safeguard  when  moving  the  car  towards  the  end  of  the 
track  on  the  completed  portions  of  high  structures,  often  on  a  fall- 
ing grade. 

The  car  cab  has  a  rolling  lift  front  door  and  a  folding  side  door, 
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which  affords  ample  view  for  the  engineer  and  wide  openings  for 
exit  in  case  of  accident. 

The  two  cars  have  been  employed  for  over  a  year,  often  for  duties 
beyond  their  rated  capacities,  and  have  given  satisfaction  to  the 
field  forces  of  the  department. 

The  Blacktail  Creek  Viaduct,  shown  in  Fig.  17,  has  intermediate 
spans  of  65  ft.  Figure  18  shows  a  tower  bent  being  placed  with 
the  80  ft.  boom ;  the  great  length  of  this  boom  making  it  possible 
to  do  all  this  work  without  outhauling 


TRAVELER    FOR    VIADUCTS. 


In  General.  For  structures  like  Tekoa  Viaduct,  where  it  was 
necessary  to  erect  the  viaduct  on  a  new  line  before  the  track  had  ar- 
rived at  that  point,  and  for  high  structures  like  Clear  Creek  Viaduct, 
where  erection  had  to  be  hurried  to  completion  before  an  approach- 


es- U- 

ing  winter  in  a  country  noted  for  heavy  snow  falls,  it  was  necessary 
to  design  an  erection  machine  with  a  capacity  for  the  continuous 
and  economical  employment  of  a  larger  working  force  than  would 
be  possible  with  the  derrick  cars ;  the  increase  in  working  force 
to  result  in  proportional  increase  in  tonnage  erected  per  day. 

Such  a  device  is  the  traveler,  designed  by  H.  C.  Lotholz,  shown  in 
general  plan,  Fig.  19,  and  with  a  diagram  of  lines,  in  Fig.  20. 

It  was  the  intention  to  use  this  traveler  at  three  other  viaducts  and 
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so  furl  her  distribute  its  cost,  but  this  was  prevented  by  some  delay 
in  the  completion  of  a  heavy  rock  cut,  where  the  traveler  was  to 
be  erected,  and  by  other  circumstances  beyond  the  department's 
control. 

The  illustrations  of  this  machine  (Figs.  19  and  20)  show  a  com- 
bination structure  of  wood  and  iron,  which  spans  the  track,  thereby 
permitting  material  to  be  brought  to  the  traveler  on  flat  cars 
as  far  as  L-6,  Fig.  19,  and  which  also  permits  the  passage  of  trains 
through  the  traveler  immediately  after  completion  of  the  structure. 

This  traveler  has  a  cantilever  arm  of  75  ft.  and  two  60  ft.  wooden 
booms,  making  a  total  reach  of  about  120  ft.  As  shown  on  Fig. 
21,  this  reach  makes  it  possible  to  erect  an  entire  tower  in  advance 


Fig.    18. 

of  the  completed  portion  of  the  structure,  the  tower  being  stable  in 
itself  without  the  use  of  temporary  braces,  as  shown  in  Figs.  4,  5 
and  6. 

The  cantilever  arm  is  equipped  with  four  trolleys,  each  of  15  tons 
capacity.  Each  trolley  is  composed  of  a  steel  carriage  on  rollers, 
from  which  are  suspended  2  four-sheave  blocks,  rove  up  with  nine 
parts  of  1^  in.  rope. 

A  hook  of  10  tons  capacity  was  hung  from  each  boom  and  30 
tons  of  rail  for  counter-weight  were  placed  at  the  rear  end  of  the 
traveler.  Additional  anchorage  was  provided  by  anchoring  the  trav- 
eler to  the  girder  with  hooks.  The  traveler  was  also  anchored  side- 
ways by  means  of  three  y$  in.  hoisting  cable  guys,  on  each  side, 
attached  to  top  of  the  traveler.  The  engines  are  of  the  same  general 
type  as  described  under  the  30  ton  derrick  car  except  that  the  front 
shaft  is  omitted  and  the  H.  P.  is  somewhat  less. 
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The  following  is  a  rough  description  of  the  operation  of  the 
traveler  and  as  both  sides  of  the  traveler  are  alike,  only  one  side 
will  be  described. 

First.  The  10  ton  hook  at  the  end  of  the  boom  is  suspended  from 
a  four-part  tackle  of  Y%  in.  hoisting  cable,  the  fall  line  of  which 
leads  through  the  idler  sheave  at  the  top  of  the  boom,  thence 
through   a   snatch   block  at   the   foot   of   the   mast   and   thence   to 


**>*  posr  Tiw  u^;ucr » 


Fig.   23. 


the  lower  drum  of  the 


hoisting 


engine,  which  is  operated  by  the 
engineer. 

Second.  The  boom  is  raised  or  lowered  by  a  seven-part  tackle  of 
Y%  in.  hoisting  cable,  the  fall  line  of  which  leads  through  a  snatch 
block  at  the  foot  of  the  mast  and  thence  back  to  the  upper  drum  on 
engine,  which  is  also  operated  by  the  engineer. 

Third.  The  boom  is  swung  laterally  by  one  five-part  tackle  (on 
each  side)    of   1^2   in.  manila  rope,  the   fall  line  of  which  is  led 
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General  Plan  of  Traveler 
Fig.  19. 
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Diagram  of  Lines  and  Tackle  for  Traveler 

Fig.  20. 
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through  a  series  of  snatch  blocks,  which  prevents  the  lines  from 
fouling  other  parts  of  the  traveler,  to  the  outside  winch  head  on 
hoisting  engine.  Both  of  these  lines  are  operated  by  one  winch  head 
man. 

Fourth.  Each  of  the  15  ton  trolley  hooks  is  supported  by  a  nine- 
part  tackle  of  1J/2  in.  manila  rope,  the  fall  line  of  which  passes 
through  a  snatch  block  of  two  idlers  at  the  forward  end  of  canti- 
lever arm  and  thence  back  through  a  number  of  deck  sheaves,  which 
keep  the  lines  from  fouling  other  parts,  to  the  inside  winch  head 
of  engine.  As  there  are  two  trolleys,  one  fall  line  leads  to  each 
inside  winch  head  on  the  engine.     This   fall  line  is  also  used  for 


Fig.  24. 

traversing  the  trolley,  there  being  sufficient  tension  in  the  fall  line, 
when  holding  the  load,  to  move  the  trolley  forward,  the  trolley 
being  also  under  the  control  of  the  trolley  tail  line.  One  winch 
head  man  is  required  to  operate  each  trolley  tail  line. 

Fifth.  The  trolley  tail  line  leads  from  its  fastening  to  the  trolley, 
through  two  snatch  blocks  to  a  cavel  on  the  deck  of  the  traveler. 
This  arrangement  is  slightly  different  from  that  shown  in  Fig. 
20.  In  order  to  keep  the  trolley  under  control  when  it  is  being 
hauled  forward  by  means  of  its  own  fall  line,  the  tail  line  which 
is  snubbed  around  the  cavel,  as  just  mentioned,  is  paid  out  at  the 
required  speed  from  the  cavel.  When  the  trolley  is  being  hauled 
towards  the  rear  of  the  traveler  for  another  load,  the  trolley  fall 

August,  1909 


466 


Prior — Derrick  Cars  and  Bridge  Erection 


line  and  the  trolley  tail  line  are  interchanged  from  the  position 
just  described,  the  trolley  tail  line  being  wrapped  around  the  winch 
head,  as  shown  in  Fig.  20,  and  used  to  haul  the  trolley  back,  the 
trolley  fall  line  being  snubbed  around  the  cavel  and  paid  out  at 
the  required  speed.  The  entire  attention  of  one  man  is  required 
for  each  trolley  tail  line. 

Sixth.     In  addition  to  the  lines  shown  in  Fig.  20,  there  are  two 
runner  lines  (shown  on  Fig.  21  and  marked  No.  1  and  No.  2),  each 


Fig.   25. 

of  which  passes  from  the  load  to  a  snatch  block  fastened  to  a  stump 
and' leads  from  the  snatch  block  over  the  end  of  the  traveler  to 
the  outside  winch  head  of  engine,  on  which  they  are  operated  simul- 
taneously with  the  swinging  lines.  These  lines  are  operated  by  one 
of  fhe  regular  men  on  the  traveler. 

Six  men  have  been  enumerated  in  handling  lines  on  one  side 
of  the  traveler,  twelve  men  being  required  for  both  sides.  Two 
of  these  men  are  usually  available  for  handling  signals,  as  they 
are  not  continuously   employed    with   their   lines.     A   third   signal 
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man,  with  the  assistance  mentioned  above,  trasmits  all  signals.  This 
gives  a  total  of  thirteen  men  on  top  of  the  traveler ;  thirty-seven 
additional  men  were  required  to  fill  the  crew  for  this  work. 

Figure  21  shows  all  lines,  in  operation,  in  the  erection  of  the  195 
ft.  tower  of  Clear  Creek  Viaduct.  The  two  booms  are  placing  two 
columns  with  boom  tackles  No.  1  and  No.  2 ;  trolleys  No.  3  and  No. 
4  are  simultaneously  placing  two  other  columns  for  the  same  tower ; 
runner  lines  No.  1  and  No.  2  are  in  service  ready  to  outhaul  these 
columns  to  their  exact  location;  trolleys  No.  1  and  No.  2  are 
lowering  to  the  ground  two  loads  of  sway  bracing,  which  will 
afterwards  be  picked  up  and  placed  in  position  by  the  runner  lines 
No.  1  and  No.  2,  at  present  running  to  the  stump  and  being  used 
for  outhauling.  This  illustration  also  shows  a  carload  of  columns 
which  have  been  run  part  way  through  the  traveler,  which  will 
be  lifted  from  the  car  by  the  trolleys  and  lowered  to  the  ground. 

As  shown,  the  traveler  is  employed  to  its  maxium  capacity  and 
working  fifty  men.  The  viaduct,  which  is  210  ft.  from  base  of  rail 
to  ground,  partly  on  a  10  degree  curve,  was  erected  in  28  working 
days,  by  the  forces  of  the  Bridge  &  Building  Department  under 
the  direction  of  F.  J.  Herlihy. 

Figure  22  shows  Tekoa  viaduct,  on  a  new  line,  which,  as  men- 
tioned, was  erected  before  the  tracks  reached  its  location.  The 
material  for  this  viaduct  was  delivered  to  the  foot  of  the  inclined 
tramway,  shown  in  Fig.  23,  on  which  it  was  hauled  up  the  hillside 
on  a  25%  grade  by  means  of  hoisting  engine  and  cable  rove  into 
a  six-part  tackle. 

Figure  24  shows  the  traveler  on  the  Tekoa  viaduct  when  the 
tower  and  span  have  been  erected,  and  the  long  ties  are  being 
brought  forward  from  the  rear  of  the  traveler  preparatory  to  mov- 
ing the  traveler  forward  for  the  erection  of  the  next  span. 

TESTS  OF  IRON  PULLEY  BLOCKS. 

The  tests  of  blocks  which  were  made  in  the  testing  laboratory  of 
the  University  of  Wisconsin  in  1908,  by  M.  C.  Withey  are  sum- 
marized as  follows : 

Block  No.  1,  Fig.  26  ....Wt.  2771b.  Breaking  Load  148,0001b. 
Block  No.  2,  Sim.toFig.  2.Wt.  2751b.  Breaking  Load  151,0001b. 

Block  No.  3,  Fig.  29    Wt.  2251b.  Breaking  Load     86,5001b. 

Block  No.  4,  Fig.  31  .  . .  .Wt.  3581b.  Breaking  Load  255,0001b. 
Block  No.  5,  Fig.  33  ...  .Wt.  3501b.  Breaking  Load  258,0001b. 
Milwaukee  Block,  Fig.  36.  .Wt.  7201b.  Not  Broken. 

Part  of  the  weight  of  the  Milwaukee  block  was  due  to  the  use 
of  21  in.  sheaves  to  reduce  the  bending  stress  in  the  rope. 

The  blocks  tested  were  furnished  by  the  manufacturers  for  that 
purpose. 

General  Description  of  Tests.  The  testing  machine  used  was  a 
vertical  hydraulic  machine  of  400,000  lb.  capacity.     The  blocks  to 
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be  tested  were  pulled  against  a  triple  block,  Fig.  36,  made  at 
the  "Milwaukee  Shops,"  hereinafter  referred  to  as  the  Milwaukee 
block,  and  was  designed  in  the  office  of  Mr.  C.  F.  Loweth. 

Both  blocks  were  rove  together  with  %  in.  hoisting  cable,  the 
ends  of  the  cable  being  fastened  to  the  tail  bolts  of  the  upper 
and  lower  blocks  respectively,  by  means  of  three  clips  at  each 
tail  bolt,  as  shown  in  Fig.  25. 

The  tension  heads  of  the  machine  consisted  of  clevises  with 
pins  of  large  diameter;  these  pins  passed  through  the  clevises  of 
the  blocks  to  be  tested.  The  load  was  applied  gradually  and  con- 
tinued until  a  cracking  sound  was  heard  or  some  indication  of 
failure  was  seen  or  suspected.  Then  the  load  was  released  and 
the  block  was  carefully  examined  for  signs  of  failure.  After  sev- 
eral repetitions,  the  load  was  continued  until  the  failure  was  com- 
plete. The  Milwaukee  block  was  in  the  upper  head  of  the  machine 
and  in  all  cases  the  lower  block  failed,  while  the  upper  block  re- 
mained practically  intact. 

In  these  tests,  the  words  above  and  below  refer  to  the  block  in 
the  position  shown  in  the  testing  machine,  the  clevis  being  at 
the  lower  end  in  all  cases.  In  making  photographs  of  blocks — No. 
I,  Fig.  26;  No.  2,  Fig.  28  and  No.  3,  Fig.  30 — it  was  necessary 
to  invert  the  blocks  from  the  position  in  which  they  were  tested. 


-Inside    Snell  P/ate. 
-Ou-t-s/c/e    5/?e//  Plo+c 


Fig.   26. 


Block  No.  i. 

Weight  of  block  complete,  277  lb.     Maximum  load,   148,000  lb. 

Test  of  Block  No.  1.  Details  of  this  block  are  shown  in  Fig.  26; 
apperance  after  failure,  in  Fig.  27.  End  of  cable  was  fastened 
at  outside  segment  of  tail  bolt.  At  load  of  129,000  lb.,  inside  shell 
plate  crushed  and  pin  holes  in  outside  strap  at  sheave  pin  elongated. 
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Fig.  27 

Description  of  Failure.  Holes  in  inside  shell  plates  began  to 
elongate,  allowing  clevis  pin  to  bend ;  pin  kept  bending  until  inside 
shell  plates  tore  through ;  this  allowed  the  clevis  pin  to  pull  out  en- 
tirely from  the  side  plates.  Clevis  was  split  on  one  side  half 
way  through.    All  sheaves  revolved  after  test.     . 


Fig.  28. 

Block  No. 

Weight  of  block  complete,  275  lb. 
Test  of  Block  No.  2 
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cept  that  inside  shell  plates  are  %  in.  thick  and  outside  shell  plate 
are  3-16  in.  thick;  appearance  after  failure,  shown  in  Fig.  28.  End 
of  cable  was  fastened  at  center  segment  of  tail  bolt. 

Description  of  Failure.  Failed  at  151,000  lb.  Outside  shell  plate 
and  strap  tore  out  below  clevis  pin  on  one  side.  Inside  shell  plates 
buckled  and  split.    Clevis  pin  bowed  y%  in. 


i"p/\a^{ 


-/nside.    5 he.//  P/at& 
-Ou+sia/e.    She//  P/a+e 


Fig.  29. 


Fig.  30. 
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Block  No.  3. 

Weight  of  block  complete,  225  lb.     Maximum  load,  86,500  lb. 

Test  of  Block  No.  3.  End  of  cable  was  fastened  at  center  seg- 
ment of  tail  bolt.  Details  of  block  shown  in  Fig.  29;  appearance 
after  test  in  Fig.  30. 

Description  of  Failure.  At  load  of  86,500  lb.,  clevis  tore  loose 
from  clevis  pin  on  one  side;  1%.  in.  sheave  pin  badly  bent,  ^  in.  tail 
bolt  badly  bent  and  ring  filler  split  on  center  segment  of  tail  bolt. 
After  test,  inside  sheave  revolved  easily,  one  outside  sheave  jammed 
tight,  one  outside  sheave  revolved  with  difficulty. 

/ns/a/e.    She//  P/tr+e 
Ow+s/cJ*.     5 he//    Pla+a. 

4.  '/=>/&+& 


■g  "lurneci/  72?//  Bo/J- 
H-urnec/  Co//ar,  £  "/cj    f^rto/e. 

Ou+sioie.    S+r-ap   3">£ 
/P/vef  w/+h  <r<=?5/  -f///s 


#   <ro-/-/-e.r- 


f=>,'r-> 


Tur;neci/   C"o//atr" 

r  Tur~/-7ea/  A/ec?c/  Pin 


//?  sicJe. 


E*. ~ C/&\//3   P/n 


&^ 


A/\ax     LoacJ    SS5.000* 


B/c?ck  a/o  -a 


Fig-  31- 

Block  No.  4. 

Weight  of  block  complete,  358  lb.    Maximum  load,  255,000  lb. 

Test  of  Block  No.  4.  End  of  cable  was  fastened  at  center  seg- 
ment of  tail  bolt;  details  of  block  shown  in  Fig.  31;  appearance 
after  testing,  Fig.  32. 

Description  of  Failure.  At  150,000  lb.,  load  was  released;  no 
sign  of  failure.  At  170,000  lb.,  load  released;  clearance  observed 
below  tail  bolt ;  clevis  scaling  on  inside ;  clevis  pin  bending.  At 
188,000  lb.,  load  released;  clevis  scaling  all  over;  inside  and  out- 
side straps  scaling;  inside  strap  moved  down  at  least  %  in.,  mark 
seen  at  top  of  strap.  At  208,000  lb.,  load  released ;  clevis  pin  easily 
seen  to  be  bent.  At  247,000  lb.,  cotter  sheared  off  on  clevis  pin  on 
one  side;  head  pin  bending  up.  At  255,000  lb.,  cotter  oil  sheave  pin 
sheared  off  oh  one  side,  load  dropped  to  229,000  lb.  and  blocks  failed 
with  loud  report. 
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Condition  of  Block  After  Failure.  Sheave  pin  was  sheared  off 
at  edge  of  strap.  Just  before  failure  center  section  of  head  pin 
above  clevis  pin  was  seen  to  be  distorted ;  when  block  failed  this 
pin  had  failed  in  double  shear  at  inside  straps.  Tail  bolt  was  sheared 
off  at  outside  strap.  Side  straps  spread  apart  from  shell  plates. 
One  sheave  came  entirely  loose  from  block  and  was  left  hanging 
suspended  in  cable. 


Fig    3- 


Block  No.  5. 

Weight  of  block  complete,  350  lb.     Maximum  load,  258,000  lb. 

7  est  of  Block  No.  5.  This  block  was  tested  three  different  times. 
Details  of  block  shown  in  Fig.  33 ;  appearance  after  tests  in  Figs. 
34  and  35. 

First   Test.     Block  was  pulled  to   196,000  lb.,   when  rigging   in 
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testing"  machine  broke.  End  of  cable  was  fastened  to  outside 
segment  of  tail  bolt.  Tail  bolt  was  bent  in  block  where  cable  was 
attached.     No  other  sign  of  failure  noticed. 

Second  Test.  With  cable  undisturbed  from  first  test,  block  was 
pulled  again.  At  235,000  lb.  clevis  pin  began  to  bend,  causing  block 
to  skew  upward  on  side  where  tail  bolt  bent.  Pin  hole  in  plates  at 
clevis  much  elongated.     At  255,000  lb.,  }i  in.  tail  bolt  sheared  off 
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with  a  loud  report.  As  only  the  tail  bolt  had  failed  where  cable 
was  attached,  it  was  thought  advisable  to  put  in  a  larger  tail  bolt 
and  test  the  block  to  complete  destruction. 

Third  Test.  Old  tail  bolt  was  removed  and  a  I  in.  wrought  iron 
bolt  was  substituted,  the  holes  being  drilled  larger  in  block.  This  bolt 
was  taken  from  block  No.  i.  End  of  cable  was  fastened  at  center 
segment  of  tail  boat.  Load  of  158,000  lb.  was  applied  and  re- 
leased; tail  bolt  was  observed  to  be  slightly  bent.  Maximum  load 
applied  was  258,000  lb.,  after  which  load  was  released  and  block 
examined.  Sheave  pin  badly  bent,  cotter  broken  off;  both  inside 
shell  plates  split;  tail  bolt  bent  upward;  both  inside  shell  bolts  had 
moved  upward  J4  in. ;  due  to  bolts  and  sheave  pin  bending.  Load 
was  reapplied  to  get  complete  destruction:  at  255,000  lb.  inside  shell 
plates  had  raised  ^4  m-  and  load  began  going  back  until  about 
178,000  lb. ;  at  this  load  block  burst  apart  with  a  loud  report.  Just 
previously  inside  shell  plates  had  raised  i^4  in. 

Condition  After  Failure.  Clevis  pin  almost  straight.  Both  in- 
side shell  plates  pulled  through  at  bottom.  Straps  and  outside 
shell  plates  intact  at  bottom.  Sheave  pin  bent  U  shaped;  ends  bent 
downward  at  450  angle.  One  sheave  cracked  at  hub,  by  bending  of 
sheave  pin.  Tail  bolt  bent  U  shape,  raising  center  shell  plates  about 
2l/2  in.  above  outside  shell  plates.  Tail  bolt  broken  at  outside 
shell  plates,  single  shear.  All  three  Yi  in.  bolts  failed.  Both 
outside  shell  plates  bent  away  from  sheaves,  leaving  2  in.  and 
33/2  in.  spaces  between  sheave  and  shell  plate  on  opposite  sides. 
Both  cotters  gone  in  sheave  pin.  Clevis  scaled  but  in  good 
shape.  Clevis  pin  slightly  bent.  Straps  badly  bent  and  separated 
from  shell  plates.  Holes  elongated  and  straps  dented  by  head  of 
cotter.     Holes  badly  distorted  at  sheave  pin  in  outside  shell  plates. 

In  General: — The  weights  of  the  several  blocks  tabulated  show 
that  the  Milwaukee  block,  Fig.  36,  weighs  somewhat  more  than 
twice  as  much  as  the  blocks  which  it  tested  to  destruction.  This  ad- 
ditional weight,  however,  was  not  due  to  heavier  construction 
throughout,  but  was  mostly  due  to  the  use  of  21  in.  sheaves,  in  the 
Milwaukee  block  to  reduce  the  bending  stresses  in  the  wire  rope. 

These  21  in.  sheaves  are  from  30  to  50%  greater  diameter  than  the 
sheaves  in  the  other  blocks,  and  as  shown  by  Fig.  37,  a  %  in.  rope 
on  a  sheave  of  60  in.  diameter  will  carry  a  load  of  9,600  pounds, 
but  a  J4,  in.  rope  on  a  sheave  of  40  in.  diameter  will  only  carry  a 
load  of  6,000  pounds. 

In  Fig.  37,  which  is  drawn  from  tables  of  the  Trenton  Iron  Com- 
pany, is  given  values  of  allowable  loads  for  use  in  power  transmis- 
sion, where  the  number  of  repetitions  of  bending  and  the  conse- 
quent fatigue  of  the  metal  is  much  greater  than  in  erection  work; 
nevertheless  it  illustrates  the  point  in  question,  although  it  was  made 
for  much  greater  diameter  of  sheaves  than  were  used  in  the  der- 
rick car. 
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Discussion. 

Mr.  O.  P.  Chamberlain,  M.w.s.E.  (Chairman)  :  The  paper  before 
us  tonight  is  one  of  the  leading  topics  of  the  day.  Distinct  advances 
in  bridge  construction  have  been  made  in  passing  from  the  old 
wooden  bridges  and  trusses  to  the  steel  structure  of  today.  We  have 
at  the  same  time,  or  perhaps  closely  following,  made  rapid  advance- 
ment in  the  method  of  construction,  abandoning,  to  a  great  extent, 
the  former  methods  of  invariably  erecting  false-work  on  which  to 
build  our  structures,  and  doing  the  work  now  largely  by  means  of 
travelers,  advancing  on  the  new  structure  as  it  is  constructed,  and 
perhaps  a  little  later  in  the  development  of  this  line  of  construction 
by  the  use  of  derrick  cars. 

Mr.  G.  W .  Smith,  m.w.s.e.  (by  letter)  :  The  paper  presented  by 
Mr.  Prior  on  the  subject  of  Derrick  Cars  and  Bridge  Erection  is  very 
interesting  and,  particularly  so  far  as  it  relates  to  derrick  cars,  is 
especially  valuable  because  it  treats  very  fully  of  a  type  of  equipment 
which  is  comparatively  new  and  in  a  condition  of  development. 
Travelers  for  bridge  erection  are,  to  a  large  extent,  temporary  and 
are  designed  for  specific  cases  or  for  a  limited  series  of  operations. 
Derrick  cars,  on  the  other  hand,  are  permanent  equipment,  the  wide 
usefulness  and  possibilities  of  which  are  not  yet  perhaps  generally 
appreciated. 

Probably  the  best  field  for  discussion  is  with  regard  to  the  limi- 
tations, if  any,  which  will  prescribe  the  usefulness  of  the  derrick  car 
and  various  general  features  of  its  design  which  add  to  its  versatil- 
ity without  increasing  its  weight  or  expense.  The  matter  of  clear- 
ances and  proper  proportions  of  the  various  members  can  be  left 
for  calculation. 

The  economical  limit  in  the  use  of  the  derrick  car  is  reached  on  a 
single  track  line  when  the  material  must  be  delivered  on  the  same 
track  used  by  the  derrick  car  and  from  such  a  distance  as  to  make 
the  ultimate  expense  greater  than  would  be  incurred  in  the  use  of  a 
traveler  which  would  permit  the  delivery  of  material  and  the  pass- 
age of  trains  through  its  framework.  The  limits  to  the  capacity  of 
the  derrick  car  are  not  so  easily  established  because  conditions  con- 
stantly change.  The  fifty  ton  derrick  car  described  in  the  paper 
is  one  of  the  most  modern  in  design  and  is  probably  one  of  the  heav- 
iest cars  built.  If  the  weight  of  the  car  and  the  length  of  boom 
cause  no  difficulty  or  inconvenience  in  transportation  or  in  service 
it  is  of  course  within  the  practical  limits  for  the  design  of  such 
equipment.  It  would  be  interesting  to  know  the  weight  of  this 
car  on  each  truck  when  in  shape  for  shipment  and  the  weight  on 
the  front  truck  when  in  operation,  carrying  its  maximum  load  in 
front  with  the  boom  well  extended.  It  is  not  unusual  to  find  newly 
constructed  railroad  track  which  is  not  safe  for  such  loads. 

In  the  practical  operation  of  derrick  cars  the  following  features 
are  found  to  be  of  value : 

i.     Side  booms  to  secure  lateral  stability. 
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2.  A  connection  with   the  front  truck  for  propelling  the  car. 

3.  Three  or  more  axles  and  wheels  under  the  front  end  of  the  car. 

Booms  for  the  purpose  of  securing  lateral  stability  can  be  at- 
tached on  each  side  of  the  head  frame  and  can  occasionally  be  used 
for  other  purposes.  They  need  not  be  permanently  attached  to  the 
car  but  the  car  should  be  designed  so  as  to  permit  their  use  when 
necessary.  Connections  for  the  purpose  of  counteracting  an  eccen- 
tric load  are  much  more  readily  provided  for  in  this  way  than  by 
using  guy  lines  from  the  top  of  the  headframe. 

It  is  evident  that  when  the  car  is  moving  with  the  load  in  front 
of  it  the  weight  upon  the  rear  truck  is  greatly  reduced.  In  fact  it 
sometimes  becomes  impossible  to  propel  a  car  on  wet  rails  or  up- 
rising grades  on  account  of  the  small  weight  on  the  rear  wheels.  If 
the  propelling  device  is  attached  to  one  of  the  front  axles,  however, 
this  difficulty  is  avoided. 

The  added  number  of  axles  under  the  front  end  of  heavy  derrick 
cars  becomes  necessary  in  order  to  protect  the  track  and  to  avoid  the 
use  of  special  journals. 

Mr  Prior:  Referring  to  Mr.  Smith's  suggestion  of  placing  a  pro- 
pelling device  on  front  truck; 


Fie?.  5(3 


The  frictional  resistance  due  to  the  weight  of  the  car  itself  must 
be  overcome  in  order  to  cause  motion.  However,  the  force  necessary 
to  apply  at  the  point  "a,"  Fig.  38,  is  less  than  the  friction  to  be  over- 
come at  the  point  "b"  and  "b',"  by  the  ratio  of  the  radii  "bd"  to  "cd," 
and  the  friction  at  the  point  "b"  and  "b'  "  being  friction  of  lubricated 
metal  surfaces  is  small.  This  explains  why  the  small  tractive  effort 
which  can  be  developed  by  the  adhesion  of  the  lightly  loaded  rear 
truck  wheels  to  the  rail  is  sufficient  to  propel  a  car  when  carrying  a 
load.  The  difficulty  in  placing  the  propeller  on  the  front  truck  is 
due  to  the  fact  that  in  that  case,  the  chain  wheels  which  are  oper- 
ated from  the  front  axle  of  the  engine  are  inconveniently  distant 
from  the  engine. 

Mr.  Smith  mentions  the  use  of  side  booms  to  secure  lateral  sta- 
bility in  the  operation  of  derrick  cars.  Referring  to  Fig.  15,  cross 
sect'on  "CC,"  at  the  top  of  the  "A"  frame  is  located  a  three-inch  pin ; 
from  this  pin  is  suspended  a  block  and  tackle,  ordinarily  used  for 
lateral  guying.  The  block  and  tackle  are  left  in  this  position  prac- 
tically continuously  so  that  at  any  time  the  car  can  be  guyed  from 
this  point,  which  affords  a  lever  arm  of  from  14  to  20  feet  above  the 
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top  of  rail,  depending'  upon  the  angle  of  the  guy  with  the  horizontal. 

Mr.  Smith  also  suggests  the  use  of  additional  axles  on  the  front 
truck  to  protect  the  track  from  the  heavy  axle  concentrations.  This 
truck  was  not  designed  by  the  Bridge  and  Building  Dept.,  but  I  can 
say  that  during  shipment  the  weight  on  the  front  truck  is  101,000 
pounds.  This  makes  the  reaction  on  each  axle  about  equal  to  the 
driver  axle  concentrations  of  a  Cooper's  E-50  locomotive,  which  is 
not  uncommon.  The  weight  of  the  rear  truck  is  somewhat  more, 
but  this  is  not  equal  to  the  axle  concentrations  of  Cooper's  E-50  al- 
ternative loading  for  short  spans,  which  consists  of  60,000  pounds 
on  each  of  two  axles  6  ft.  o  in.  centers. 

When  the  car  is  ready  for  use  the  distribution  of  weight  between 
the  trucks  is  practically  reversed,  the  weight  on  the  front  truck  in 
some  instances  amounting  to  120,000  pounds.  Mr.  Herlihy,  who 
erected  a  large  part  of  the  work  mentioned,  can  say  whether  or  not 
the  driving  wheels  slipped  under  heavy  loads. 

Mr.  F.  J.  Herlihy:  We  had  no  trouble  whatever  in  propelling  and 
getting  the  required  adhesion  to  the  rails. 

Mr.  I.  F.  Stem,  m.w.s.e.  :  The  C.  &  N.  W.  Ry.  Co.  has  never  gone 
into  anything  so  elaborate  as  this  work  of  the  C.  M.  &  St.  P.  Ry. 
described  by  Mr.  Prior.  We  have  three  derrick  cars  which  have  a 
capacity  of  only  about  20  tons  each,  and  where  we  have  to  lift  any- 
thing as  heavy  as  35  tons  we  use  two  derrick  cars.  Our  cars  are  not 
self-propelling  and  we  have  been  limited  in  our  work  to  the  equip- 
ment we  could  get.  We  have  been  talking  derrick  cars  for  a  long 
time  to  our  superiors  and  perhaps  the  paper  tonight  will  help  them  to 
come  to  a  decision.  At  presen^  the  tendency  seems  to  be,  among 
railroad  companies,  to  contract  for  the  heavy  work  and  do  the  lighter 
work,  such  as  on  track  elevation  or  on  spans  up  to  150  ft.  in  length, 
with  their  own  forces.  We  have  attempted  to  show  by  means  of  cost 
figures  that  we  could  effect  a  saving  by  the  use  of  high  power  large 
derrick  cars,  but  our  superiors  apparently  do  not  seem  to  have  suf- 
ficient confidence  in  these  figures  to  allow  the  purchase  of  such  a  car. 

We  believe  emphatically  in  the  use  of  derrick  cars  for  erection 
purposes,  and  the  derrick  car  work  as  used  on  the  "Northwestern" 
road  and  as  developed  by  Mr.  Finley  is  a  part  of  our  ordinary  work 
in  that  line.  When  he  started  in  we  were  using  travelers  for  say 
130  ft.  spans,  and  for  that  sort  of  work  we  now  use  derrick  cars. 
In  connection  with  the  Mississippi  river  bridge  the  contractors  put 
up  a  202  ft.  span  with  a  derrick  car  and  the  operation  worked  out 
very  nicely. 

As  I  said  before,  we  do  the  lighter  work  with  our  own  forces,  put- 
ting up  our  track  elevation  steel  with  derrick  cars,  and  have  been 
able  to  do  good  work ;  we  found  we  were  able  to  put  in  four  tracks 
on  standard  66  foot  crossing  in  one  day  of  eight  hours,  and  while 
that  has  not  been  done  every  day  we  were  able  on  our  last  track 
elevation  work  to  approach  it  very  closely  most  of  the  time.  I  think 
the  derrick  car  has  come  to  stay,  judging  from  our  experience  and 
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the  experience  of  the  "St.  Paul"  road,  and  I  believe  that  it  is  a  very 
economical  method  of  erection. 

The  great  question,  of  course,  has  been  whether  the  railroad  com- 
pany was  to  be  regarded  as  a  construction  company  or  purely  as  a 
transportation  company,  and  the  point  of  view  has  seemed  to  be  that 
the  railroad  company  is  a  transportation  company  only,  and  that  all 
large  construction  work  should  be  turned  over  to  contractors.  In 
fact  this  tendency  has  been  to  emphasize  the  development  of  large 
firms  like  the  Westinghouse,  Church,  Kerr  Co.,  and  allow  them  to 
handle  entire  contracts  with  its  attendant  engineering.  While  that 
is  possible,  we  all  hope  and  believe  that  we  can  develop  the  kind  of 
equipment  we  need.  The  larger  question  is  whether  it  is  policy  for 
the  railroad  company  to  do  its  heavier  work.  I  am  glad  to  know 
of  this  experience  of  the  "St.  Paul"  road  in  doing  its  own  work  and 
I  think  that  question  is  going  to  be  threshed  out  considerably,  within 
the  next  few  years. 

It  would  be  very  interesting  if  the  "St.  Paul"  road  could  con- 
sistently publish  its  figures  of  cost,  for  that  is  one  argument  that 
will  most  influence  the  railroad  companies  in  this  matter.  It  is  our 
desire  to  do  these  things,  in  construction  as  well  as  design,  to  de- 
velop our  engineering  department, — doing  the  greatest  work  we  can 
in  the  way  we  ask  to  do  it  because  we  think  we  can  do  it  cheaper 
than  by  contract,  and  that  I  think  is  the  question  that  is  to  be  dis- 
cussed. 

Mr.  C.  R  Loweth,  m.w.s.e:  The  question  raised  by  the  last 
speaker  as  to  whether  it  is  desirable  for  a  railroad  company  to  do 
large  construction  work  with  its  own  forces  or  contract  it  is,  perhaps, 
too  large  a  subject  to  discuss  this  evening.  However,  my  observa- 
tion is  that  there  is  a  decided  tendency  on  the  part  of  railroad  com- 
panies to  do  more  and  more  with  its  own  forces,  the  kind  of  work 
which  has  been  described  tonight.  The  time  was,  and  that  not  many 
years  since,  when  it  was  the  almost  universal  custom  for  railroad 
companies,  when  a  bridge  was  to  be  built,  to  call  on  the  contractors 
to  both  design  and  erect  it.  Now,  I  think,  it  is  much  more  frequently 
than  otherwise  the  custom  of  the  railroad  companies  to  design  the 
work  in  their  own  offices,  and  to  erect  the  structure  with  their  own 
forces. 

I  am  glad  the  matter  of  the  relative  advantages  of  derrick  cars 
and  travelers  has  been  brought  up.  Spans  of  considerable  length 
can  be  readily  erected  with  derrick  cars  ;  the  Chicago,  Milwaukee 
and  St.  Paul  Railway  Company  has  recently  erected,  with  derrick 
cars,  several  spans  as  long  as  270  feet,  and  I  have  no  doubt  we  could 
have  put  up  even  longer  spans  by  such  means.  As  a  general  propo- 
sition, however,  the  speaker  thinks  that  for  long  truss  spans,  espec- 
ially where  there  are  several  in  the  same  bridge,  the  work  could  be 
better  done  with  a  traveler.  With  a  traveler  the  work  can  go  on  with 
little  interruption  from  or  to  traffic.  A  larger  force  may  be  employed 
and  the  work  pushed  more  rapidly. 
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If  derrick  cars  are  used,  the  work  of  erection  is  frequently  de- 
layed, and  sometimes  entirely  ceases  while  the  derrick  cars  are  run 
back  into  the  clear  for  regular  traffic.  On  the  other  hand,  the  use 
of  a  traveler  requires  a  wider  falsework  than  does  a  derrick  car,  as 
the  traveler  must  generally  have  its  tracks  outside  of  the  new 
structure.  This  additional  falsework  is  oftentimes  a  consideration 
which  would  influence  decision  in  favor  of  the  use  of  derrick  cars. 

On  new  tracks  where  there  is  no  traffic  to  be  taken  care  of,  or  on 
branch  lines  where  the  traffic  is  not  frequent  and  for  bridges  where 
there  are  not  more  than  two  or  three  spans  and  where  the  work  is 
not  urgent,  it  is  probable  that  derrick  cars  would  be  more  advan- 
tageous than  a  traveler. 

During  the  past  two  years,  during  the  construction  of  the  Pacific 
Extension  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway,  the 
equipment  which  the  author  has  described  has  been  ample  in  putting 
up  about  five  and  three-quarters  miles  of  steel  work,  including  spans 
up  to  425  feet  in  length,  and,  while  we  know  that  it  could  be  im- 
proved on,  we  have  the  satisfaction  of  knowing  that  it  has  very 
efficiently  done  the  work  for  which  it  was  designed. 

The  speaker  wants  to  emphasize  the  credit  which  Mr.  Prior  has 
given  in  his  paper  to  the  several  assistants  who  worked  out  in  de- 
tail the  problems  assigned  them,  and  he  wishes  to  include  in  this 
mention  the  author  of  the  paper  himself,  who,  together  with  the 
others  mentioned,  did  their  work  so  efficiently. 

Mr.  Prior:  Mr.  Stern  referred  in  his  remarks  to  erection  costs. 
At  Cow  Creek  the  cost  of  erection  was  $1.90  per  ton,  exclusive  of 
riveting;  the  cost  of  riveting,  etc.  was  $3.10,  making  a  total  of  $5.00 
per  ton. 

In  regard  to  whether  a  railroad  company  is  a  transportation  com- 
pany or  a  construction  company,  it  is,  of  ocurse,  a  transportation 
company.  But  in  transportation  the  safety  of  not  only  the  freight 
traffic  is  involved,  but,  much  more  important,  the  lives  of  its  pass- 
engers. So,  whatever  way  it  may  be  looked  at,  it  is  beyond  question 
that  the  railroad  company  will  certainly  protect  its  greatest  and  most 
vital  interests  with  greater  care  than  a  stranger. 

Mr.  E.  N.  Lay  field,  m.w.s.e.  :  I  think  it  would  be  interesting  to 
those  present  if  Mr.  Prior  would  state  whether  there  was  any  par- 
ticular reason  for  the  difference  in  design  of  the  tower  and  the 
A-frame  on  those  two  cars.  Doubtless  there  is  some  good  reason 
but  it  did  not  appear  to  me  just  what  it  was. 

Mr.  Prior:  When  the  30-ton  car  was  designed,  it  was  the  in- 
tention to  use  the  car  without  the  "A"  frame  for  all  ordinary  pur- 
poses, but  for  loads  greater  than  the  ordinary,  to  place  the  "A"  frame 
on  top  of  the  car,  and  operate  the  car  at  its  increased  capacity.  We 
find,  however,  that  when  an  erection  device  is  placed  in  the  hands  of 
field  forces,  so  many  new  uses  are  found  to  which  it  can  be  put 
when  rigged  to  its  maximum  capacity,  that  it  is  rarely  used  when 
rigged  in  any  other  manner.    In  the  case  of  the  30-ton  car  the  "A" 
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frame,  instead  of  being-  used  occasionally,  has  been  continuously 
used,  together  with  the  tower  for  lifting  loads  which  could  not  be 
lifted  by  the  tower  alone. 

On  the  50-ton  car  we  started  out  to  design  a  heavier  equipment 
and  we  knew  that  the  highest  mast  available  would  be  the  only  one 
used.  The  mast  was  therefore  made  as  high  as  possible  for  the 
following  reasons :    If  we  increased  the  height  of  the  mast  as  shown 


■  4ncf/e.  o-f  Sc?om 


Perr/ct  Car  5tre35e~s 
F/g.59 

in  Fig.  39,  "OC"  represents  graphically  the  unit  load  suspended  at 
the  end  of  the  boom.  Then  "AO"  and  "AC"  represent  the  stresses 
respectively  in  the  boom  tackle  and  in  the  boom  for  a  10  ft.  tower. 
If,  however,  the  height  of  the  mast  is  increased  so  as  to  raise  the 
top  of  the  mast  from  the  point  "D"  to  the  point  "F"'  the  stresses 
in  the  boom  tackle  will  be  represented  by  the  line  B-O,  and  will 
be  reduced  by  a  large  percentage — in  this  case  the  reduction  being 
43%.  Incidentally  the  stress  diagrams  in  Fig.  39  show  that  the 
direct  stresses  in  the  boom  are  constant  for  all  angles  less  than  90 
degrees  with  the  horizontal. 

Mr.  W .  E.  Symons,  m.w.s.e.  :  A  number  of  interesting  points 
have  been  brought  out  in  the  discussion  in  connection  with  this  car 
and  its  operation,  and  as  one  is  liable  to  be  led  a  little  away  from 
the  real  subject,  should  I  digress,  I  hope  you  will  either  pardon  or 
correct  me. 

Referring  to  the  feature  mentioned  by  one  of  the  previous  speakers, 
with  respect  to  railroad  companies  manufacturing  certain  devices  or 

Vol.  XIV.    No.  4 


Discussion — Derrick  Cars  and  Bridge  Erection  483 

portions  of  equipment  for  their  bridges,  it  has  been  quite  noticeable 
in  recent  years  that  there  is  a  diversity  of  opinion  and  thought  as 
to  the  advisability  or,  one  might  say,  the  economy  of  this  course. 
When  properly  analyzed  it  may  be,  sometimes,  the  result  of  condi- 
tions beyond  the  control  of  the  management  of  the  property.  It  is 
very  noticeable  that  some  large  companies  only  repair  their  equip- 
ment, and  when  they  have  any  large  amount  of  heavy  work  they 
have  it  done  by  outside  contract.  Some  lines  have  even  gone  to  the 
extent  of  closing  down  and  dismantling  their  iron  and  brass  foun- 
dries, purchasing  castings  on  the  outside.  The  same  is  true  of  their 
purchase  of  other  material,  particularly  bridges. 

It  is  very  gratifying  to  know  that  a  progressive  road  like  the 
C,  M.  &  St.  P.  Ry.  has  branched  out  in  building  derrick  cars  for  the 
erection  of  bridges,  more  elaborate  than  anything  used  by  any  of  the 
other  roads,  and  in  many  cases  more  elaborate  than  is  owned  and 
used  by  the  bridge  companies. 

One  of  the  questions  asked,  and  which  was  partially  answered  by 
the  author,  was  that  there  seems  to  be  some  doubt  as  to  the  adhesive 
capacity  of  the  car  to  propel  itself  under  certain  conditions.  If  I 
understood  the  figures  correctly,  the  car  has  a  total  weight  of 
234,000  pounds,  and  when  in  operation,  under  normal  conditions, 
the  rear  trucks,  as  shown  on  the  screen,  support  about  123,000 
pounds.  If  these  figures  are  correct,  then  on  that  basis  the  rear 
wheels  would  have  a  tractive  effort  of  about  16,000  pounds.  One 
pair  of  wheels  would  provide  about  8,000  pounds  tractive  power,  but 
the  car  itself,  on  a  level,  would  only  require  a  tractive  effort  of 
about  1,000  pounds  to  propel  it.  Therefore,  if  my  calculation  is  cor- 
rect, the  car  is  amply  supplied  with  tractive  power.  I  should  be  glad, 
however,  if  the  author  would  advise  us  on  that  subject  in  his  closure. 

It  seems  to  me,  too,  that  there  may  be  some  possibility  of  the  car 
giving  trouble  from  hot  boxes,  although  well  supported  from  the 
standpoint  of  strength.  Assuming  that  the  journals  are  about  6  in. 
by  10  in.,  the  weight  per  square  inch  of  projected  area  would  run 
up  in  the  neighborhood  of  480  lbs.  per  square  in.,  which  would  be 
somewhat  excessive  as  a  general  proposition. 

In  regard  to  the  placing  of  blocks  between  the  body  bolster  and 
arch  bars.  I  presume  that  is  when  the  car  is  in  operation  and  is 
intended  to  steady  the  car  and  keep  it  from  tipping  over,  this  method 
being  used  to  shift  the  load  from  the  side  bearing.  There  is  quite  a 
difference  of  opinion  among  engineers  and  transportation  officers  as 
to  the  proper  location  of  side  bearings  on  locomotives,  cars,  and 
other  equipment.  Some  roads  say  that  48  in.  is  the  proper  location 
for  side  bearings  and  that  it  is  not  good  practice  to  put  them  out  any 
farther,  while  others  say  that  60  in.  is  the  proper  location  and  that 
48  in.  does  not  contribute  to  a  safe  moving  vehicle.  The  location  of 
the  side  bearings  and  amount  of  clearance  which  is  given  them,  to- 
gether with  an  explanation  as  to  the  benefits  it  is  expected  to  secure 
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from  placing  the  blocks  on  the  arch  bars,  would  be  of  considerable 
interest,  in  that  the  derrick  car  in  operation  or  movement  on  the 
track  is  a  good  deal  of  the  same  character  as  a  refrigerator  car, 
especially  when  used  for  transporting  dressed  meats,  and  carries 
near  the  roof  an  additional  load  of  about  12,000  lbs.  of  ice.  If 
there  is  any  one  place  that  is  considered  more  desirable  than  another 
for  side  bearings  on  refrigerators,  it  would  be  reasonable  to  assume 
that  a  similar  location  would  be  suitable  for  the  derrick  car  in  ques- 
tion. 

Mr.  Prior:  Referring  to  Mr.  Symons'  question  as  to  the  benefit 
expected  from  placing  the  hardwood  block  on  arch  bars.  We  did 
not  design  the  truck,  but  the  action  due  to  the  hardwood  block  can 
be  explained  roughly  as  follows:     In  Fig.  40,  which  is  a  diagram 


S  /r?serfecS 


■Harz/wooa/ 


2>-  D/^^r^rr?  cf  Truck. 
sr>c>vwr?&  po/nr  where- 
h0r<z/rvc>c>cS  i>/ocrk  /s 
/nserfec/.  r/ar>z/wc>0£/ 
t>/ock  r?of  /r?  p/&c:e.       I 


.  <?- D/&grc?/T?.  <£>/"  7ri;ck. 
t>/&cfc  /r>  p/&ce- 


B/ocfang  c?f  Trucks  L/r?c/er  lo&&/ 
Fig.  40 

only  and  in  which  the  details  have  been  altered  to  reduce  the  number 
of  lines,  "A"  is  the  car  body  and  "B"  is  the  body  bolster,  resting 
through  the  center  bearing  "I"  on  the  truck  bolster  "C,"  the  body 
bolster  and  car  body  being  prevented  from  tipping  sideways  by  the 
side  bearing  "g."  When  the  hardwood  block  is  not  in  place  an  un- 
symmetrical  load,  such  as  "d"  would  be  transmitted  roughly  as 
shown  by  the  dotted  line  from  the  car  body  "A"  to  the  body  bolster 
"B,"  from  the  body  bolster  "B"  through  side  bearings  "g"  to  the 
truck  bolster  "C,"  through  the  springs  "K"  through  the  side  frame 
"c,"  and  thence  through  the  journal  boxes  to  the  axle.  If  this  block 
is  inserted  as  shown  in  Fig  40  at  "f"  between  the  body  bolster  "B" 
and  the  upper  arch  bar  "m,"  then  loads  which  are  carried  by  the 
springs  before  the  hardwood  block  is  inserted,  will  be  carried  by  the 
springs  after  the  hardwood  block  is  inserted,  but  if  an  additional 
unsymmetrical  load,  such  as  "e,"  be  placed  on  the  car,  as  would  be 
the  case  when  a  load  suspended  in  the  boom  was  swung  sideways, 
the  unsymmetrical  load  "e"  will  be  largely  transmitted  from  the 
body  bolster  "B"  through  the  hardwood  block  to  the  upper  side  bar 
"m"  to  the  point  "h,"  where  it  will  be  transmitted  by  the  axle  boxes 
to  the  car  axle. 

Regarding  the  propelling  device,  Mr.  Symons  gave  1,000  pounds 
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necessary  to  propel  the  car  and  7,000  pounds  available,  with  the 
conclusion  of  ample  tractive  effort.  With  the  relative  figures  at 
hand  I  would  say  that  it  was  all  right,  but  I  think  the  margin  is 
somewhat  less  between  that  than  1,000  and  7,000  pounds. 

Mr.  Chamberlain :  One  feature  of  this  paper  is  particularly  in- 
teresting to  me,  and  that  is  the  description  of  the  work  in  progress, 
as  shown  in  Figs.  4  and  5,  in  which  with  a  30  ft.  derrick  car  the 
columns  were  placed  by  out-hauling.  I  remember  that,  quite  a  num- 
ber of  years  ago,  when  I  had  charge  of  the  erection  of  some  via- 
ducts on  the  Pennsylvania  Railroad,  we  had  considerable  difficulty  in 
handling  some  columns,  which  came  84  ft.  long;  the  work  was  not 
done  with  a  derrick  car  but  with  a  traveler.  It  seemed  to  me,  as  I 
heard  this  description  and  looked  at  the  illustrations,  that  it  was 
rather  a  hazardous  piece  of  work  to  out-haul  those  columns  for  a  dis- 
tance of  36  ft.  and  I  will  ask  whether,  in  handling  the  columns  in 
that  way,  they  were  handled  in  entire  safety  or  if  there  were  some 
accidents. 

Mr.  Herlihy :  We  did  not  have  any  difficulty  in  out-hauling ;  at 
first  the  men  seemed  a  little  timid,  but  it  was  the  only  thing  we 
could  do ;  we  only  had  the  30-ton  car  and  had  to  devise  some  method 
of  erecting  the  steel.  We  had  to  out-haul  36  ft.  It  was  done  by 
first  lifting  the  load  to  the  required  position,  then  putting  on  the  two 
out-hauling  lines  and  stretching  clear  across  the  canyon. 

We  passed  the  out-haul  lines  through  a  single  sheave  block,  se- 
curely fastened  by  a  pendant  line,  and  thence  back  to  an  independent 
winch-head  on  the  engine.  We  had  only  two  winch-heads  to  do  the 
work  with.  We  out-hauled  three  or  four  pieces,  and  after  getting 
used  to  the  operation,  we  had  no  trouble. 

Mr.  Loweth :     The  methods  of  erection  shown  in  Figures  4,  5,  and 

6  were  resorted  to  not  from  choice  but  from  necessity.  It  was  the 
intention  that  this  viaduct,  and  another  one  quite  similar  nearby, 
should  be  erected  by  the  use  of  the  traveler  described  in  the  latter 
part  of  this  paper,  but  many  of  the  important  parts  of  this  traveler, 
together  with  a  large  portion  of  our  bridge  erection  crew,  were 
tanable  to  reach  the  site  of  the  work,  by  reason  of  the  extensive 
floods  through  western  Montana,  which  put  out  of  service  all  the 
trans-continental  lines  for  a  period  of  about  twenty-five  days. 
Meanwhile,  the  track-laying  had  reached  this  viaduct  site.  We  had 
a  small  derrick  car  and  a  small  crew  of  men  available  and  all  of  the 
steelwork,  and  it  was  necessary  to  do  something,  and  the  illustrations 
show  what  was  accomplished  with  the  means  at  hand.  This  viaduct 
was  not  only  erected  but  the  other  one  partly  completed  before  we 
were  able  to  get  the  material  moved.  The  illustrations  are  of  value 
as  showing  the  adaptability  of  the  derrick  cars  and  what  can  be  ac- 
complished by  them  when  necessary. 

Mr.  Chamberlain :  I  understood  from  Mr.  Prior's  paper  that 
perhaps  this  method  was  not  recommended,  and  it  speaks  well  for 
the  method  that  the  work  was  handled  as  well  as  it  was. 
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Mr.  F.  R.  Judd,  junior,  w.s.e.  :  I  would  ask  if  regular  gangs  of 
men  connected  with  the  Bridge  Department  were  employed  on  this 
work,  or  if  special  men  were  hired  for  each  job?  If  the  former  is 
true,  are  the  men  paid  the  regular  "Union"  prices?  It  occurred  to 
me  that  perhaps  a  portion  of  the  saving  was  in  connection  with  the 
labor,  and  that  it  was  possibly  not  all  due  to  the  arrangemnet  of 
handling  the  material  with  the  car. 

Mr.  Herlihy:  Mr.  Loweth  has  information  regarding  the  prices 
paid  the  men,  which  I  believe  were  about  the  same  as  usual.  I  think 
the  speed  with  which  the  work  was  done  was  due  almost  entirely  to 
the  superiority  of  our  equipment  and  to  that  alone. 

Mr.  Loweth :  In  answer  to  this  question,  the  speaker  would  say 
that  the  Chicago,  Milwaukee  and  St.  Paul  Railway  Co.  aims  to  keep 
an  organization  of  skilled  iron  bridge  men  constantly  employed.  The 
force  will  vary,  depending  upon  the  amount  of  work  to  be  done.  I 
think  we  have  never  had  less  than  thirty-five  or  forty  men  on  our 
payrolls,  and  frequently  we  have  had  one  hundred  or  more.  An  ef- 
fort is  made  to  so  arrange  the  work  as  to  keep  the  nucleus  of  an 
organization  of  this  kind  constantly  employed,  thus  enabling  us  to 
give  enough  men  permanent  work  to  maintain  an  organization  of 
reliable  and  experienced  men. 

The  rates  which  have  been  paid  east  of  the  Missouri  River  have 
been  $3.50  per  day  of  ten  hours,  except  for  work  inside  the  larger 
cities,  where  the  local  union  rates  prevail.  West  of  the  Missouri 
River  and  on  all  the  work  done  on  the  Pacific  Extension,  the  rates 
paid  for  skilled  men  have  been  $4.00  per  day  of  ten  hours,  and  all 
of  this  work  has  been  done  so  far  with  union  men,  although  we  are 
now  using  some  non-union  men  in  western  Montana,  due  to  dis- 
agreement with  one  of  the  local  unions. 

Mr.  O.  E.  Strehlow,  m.w.s.e.  :  Prior  to  hearing  the  paper  pre- 
sented, I  put  down  a  few  "don'ts"  which  I  keep  in  mind  in  making  a 
design  for  a  derrick,  machinery,  etc.,  and  I  give  them  as  follows : 

Don't  use  cast  iron. 

Don't  use  small  sheaves  and  drums. 

Don't  use  set  screws. 

Don't  use  worm  gears. 

Don't  use  a  cotter  pin  through  nut. 

Don't  use  sheaves  loose  on  shafts. 

Don't  use  cone-frictions. 

Don't  use  customary  factor  of  safety. 

Don't  fail  to  provide  efficient  and  simple  lubricating  devices. 

Don't  fail  to  make  everything  fool  proof. 

By  elimination  of  the  above  as  far  as  practicable  the  lost  time  due 
to  breakdowns,  especially  for  fast  continuous  service,  will  be  re- 
duced very  considerably. 
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TO  ILLINOIS  INDUSTRIES. 

L.  P.  Breckenridge,  m.w.s.e. 

Presented  May  5,  ipop. 

The  State  of  Illinois  is  most  advantageously  situated  in  relation 
to  the  continually  increasing  industrial  activities  of  the  Middle  West. 
The  wonderful  fertility  of  its  soil  has  made  it  for  many  years  fore- 
most in  the  wealth  of  agricultural  products.  The  climate  and  rain- 
fall have  favored  the  production  of  immense  crops  of  corn,  wheat 
and  oats,  and  fully  75  per  cent  of  its  great  area  (56,650  sq.  mi.)  has 
been  prepared  for  cultivation. 

Its  fuel  supplies  are  enormous,  its  yearly  product  is  next  to  Penn- 
sylvania in  amount  and  it  probably  has  within  its  borders  today  more 
bituminous  coal  of  usable  grades  than  has  any  other  state.  It  is  not 
strange  that  to  these  fertile  fields  came  many  settlers.  It  is  not 
strange  that  on  the  edge  of  its  Great  Lake  was  planted  its  now  great 
city.  After  people  come,  transportation  is  provided,  then  manufac- 
turers follow  to  supply  the  needs  of  the  people.  Then  more  people 
come  to  distribute  the  products  of  farm  and  factory,  wealth  accumu- 
lates, and  still  more  factories  are  built  to  supply  luxuries  as  well  as 
needs.  State  and  municipal  institutions  spring  up  and  multiply. 
Provision  is  made  for  the  penal,  charitable  and  educational  needs  of 
state  and  city.  What  seemed  large  provision  soon  becomes  inade- 
quate and  the  work  of  a  few  years  ago  must  be  torn  down  and  in  its 
place  must  be  put  up  again  a  new  and  larger  and  more  modern  struc- 
ture. The  stores  and  bank  and  the  library  are  all  soon  too  small  and 
must  be  built  anew.  So  it  has  been  with  Illinois,  so  it  is  now  with 
Illinois.  A  great  agricultural,  a  great  mining,  a  great  manufactur- 
ing, a  great  commercial,  and  a  great  transportation  State,  teeming 
with  a  vigorous,  wide  awake,  progressive  population  surpassed  in 
numbers  only  by  New  York  and  Pennsylvania  and  surpassed  in  op- 
portunities and  energy  by  none. 

The  story  of  the  growth  and  development  of  the  industries  of 
Illinois  is  most  interesting.  The  growth  has  been  rapid  and  natural. 
It  has  not  been  held  back  by  any  natural  barriers  and  progress  has 
been  easy  compared  with  that  of  some  of  the  states  earlier  settled. 
There  are  a  few  significant  facts  which  should  be  continually  before 
the  citizens  of  Illinois.  These  facts  should  make  them  feel  the  possi- 
bility of  accomplishing  great  undertakings,  and  should  impress  upon 
them  the  responsibilities  which  their  wealth,  their  position  and  their 
opportunities  impose.  To  some  of  these  interesting  facts  your  atten- 
tion is  directed  under  the  heading  of 
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Illinois — A  Great  Industrial  State. 

(a)  The  population  of  Illinois  is  about  5,500,000,  which  is  ap- 
proximately 1-14  of  the  population  of  the  United  States.  Exceeded 
in  population  only  by  New  York  and  Pennsylvania. 

(b)  Illinois  stands  second  in  the  value  of  its  agricultural  prod- 
ucts, for  1908  the  value  being  about $550,000,000 

(c)  Illinois  stands  third  in  the  value  of  its  manufactured  prod- 
ucts, for  1908  the  value  being $1,600,000,000 

(d)  Illinois  stands  second  in  tons  of  coal  produced,  the  value  of 
product  for  1908  being  about  (51,000,000  tons) $54,000,000 

(e)  Illinois  stands  second  in  barrels  of  oil  produced,  the  value 
of  this  product  for  1908  being  about  (40,000,000  Bbls.)  .$24,800,000 

(f)  Illinois  stands  second  in  miles  of  steam  railroad,  the  num- 
ber of  miles  in  1906  being  about 12,000 

(g)  The  value  of  the  mineral  products  of  Illinois  has  increased 
65%  since  1905.  For  1908,  which  included  coal  and  oil,  the  value 
was  about .  $1 50,000,000 

(h)     The  capital  invested  in  the  thirteen  leading  industries  in 

Illinois  is  ( 1906)   $600,000,000 

In  the  remaining  industries 375,000,000 

Making  a  grand  total  of $975,000,000 

This  amount  is  now  (1909)  estimated  at  about.  .  .  .$1,200,000,000 

The  Development  of  Illinois  Industries — By  the  charts  and  dia- 
grams which  accompany  this  article  it  is  intended  to  point  out  the 
possibility  of  the  great  industrial  growth  of  the  United  States  and 
to  show  how  rapid  has  been  the  development  of  Illinois  as  a  manu- 
facturing state.  The  population  of  the  world,  Fig.  1,  gives  promise 
of  a  market  for  the  products  of  our  farms  and  factories  if  only  we 
are  prepared  to  send  them  where  needed.  The  citizens  of  Illinois 
gave  evidence  that  they  were  awake  to  the  future  possibilities  of  a 
foreign  market  for  Illinois  products  when  they  voted  in  favor  of 
the  next  step  in  water  transportation  which  must  finally  end  in  a 
waterway  from  the  Lakes  to  the  Gulf. 

Illinois,  now  third  in  population  (Fig.  2),  is  advancing  rapidly 
and  it  will  only  be  by  taking  thought  for  tomorrow  that  the  future  of 
her  interests  will  be  conserved.  What  will  be  the  population  of 
Illinois  in  1950?  Perhaps  ten  millions;  the  chart,  Fig.  3,  makes 
promise  of  that  figure.  And  Chicago  at  that  date, — will  it  still  be 
40%  of  the  State's  total,  and  reach  four  millions?  If  so  there  are 
many  things  to  be  done  in  the  State  and  city  in  the  next  forty  years 
and  it  is  none  too  soon  to  start  on  many  of  them. 

When  we  see  what  is  the  distribution  of  wage  earners,  Figs.  4  and 
5,  among  the  leading  pursuits,  it  is  not  surprising  that  so  much  at- 
tention has  been  and  will  be  given  to  those  things  that  pertain  to 
agriculture  and  to  engineering.  In  Illinois,  one  quarter  of  the  wage 
earners  are  engaged  in  agriculture  while  nearly  one  half  are  engaged 
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in  pursuits  directly  related  to  engineering,  such  as  manufacturing, 
transportation  and  mining.  This  nation  has  made  such  great  prog- 
ress because,  above  all  things,  it  has  found  near  at  hand,  forests, 
food  and  fuel.    It  has  been  extravagant  in  the  use  of  all.    Its  forests 
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FIG.    I. — POPULATION  OF  THE  WORLD 


have  rapidly  disappeared ;  its  land  which  once  raised  food  is  now  un- 
productive ;  its  fuel  will  last  perhaps  6oo  years ;  it  has  apparently 
begun  to  think  about  these  things ;  it  will  save  and  renew  some  for- 
ests ;  it  can  preserve  the  fertility  of  its  soil  and  fortunately  here  in 
Illinois  that  problem  is  well  in  hand  and  the  methods  for  doing  it 
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are  available  in  the  investigations  of  the  Agricultural  Experiment 
Station.  It  can  economize  in  the  use  of  its  fuels,  it  is  doing  so  in  all 
the  great  plants  that  manufacture  light  and  power.  Not  more  than 
one  half  as  much  coal  is  used  to  produce  one  horse-power  today  as 
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FIG.    2. — POPULATION  OF  THE  UNITED  STATES 

was  used  thirty  years  ago.  But  fuel  must  be  burned  to  produce  most 
of  our  power  (Fig.  6)  for  many  years  to  come.  Harness  the  water 
whenever  you  can,  but  three  quarters  of  the  power  produced  in  the 
United  States  at  the  end  of  the  next  forty  years  will  be  produced 
by  burning  coal.     Fortunately  Illinois  has  much  coal.     It  is  cheaply 
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mined,  and  in  large  plants,  located  near  plenty  of  condensing  water, 
power  can  be  produced  as  cheaply  in  Illinois  as  it  is  now  produced 
at  the  brink  of  Niagara  Falls.     But  industries  prosper,  because  in 
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FIG.  3. — POPULATION  OF  ILLINOIS  AND  CHICAGO 


America  we  use  power  for  our  labor  and  we  make  steam  and  elec- 
tricity do  a  rapidly  increasing  part  of  the  work.     In  some  states  it 
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WAGE     EARNERS 
UNITED    STATES  — 1900 


IN   ALU    OTHER     OCCUPATIONS. 

FIG.  4. — DISTRIBUTION  OF  WAGE-EARNERS  IN  UNITED  STATES 
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FIG.    5. — DISTRIBUTION  OF  WAGE  EARNERS  I  NILLINOIS 
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would  seem  as  though  all  the  wage  earners,  using  all  the  possible 
power,  were  engaged  in  manufacturing.  In  these  states  the  value  of 
the  manufactured  product  per  capita  of  population  is  naturally  large. 
It  will  be  seen,  Fig.  7,  that  in  this  list  of  states  Illinois  stands  well 
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up  (eighth),  notwithstanding  the  fact  that  so  many  of  the  wage 
earners  are  engaged  in  agricultural  pursuits.  The  mineral  output  of 
Illinois,  Table  I,  is  restricted  largely  to  its  coal,  pig  iron,  oil,  clay, 
zinc,  and  other  natural  stones.     Even  in  this  classification  the  iron 
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ore  is  brought  into  the  state,  but  this  method  of  grouping  is  usually 
followed.  The  subject  of  its  coal  production  has  been  so  often  and 
so  well  presented  to  this  Society,  that  there  is  no  need  of  treating 
it  at  length  in  this  paper.  The  importance  of  the  generous  supply  of 
coal,  Fig.  8,  furnished  from  our  mines  will,  however,  be  of  continu- 
ally increasing  importance  as  time  goes  on. 
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Table  I. 

Total  Values  of  Mineral  Output  of  Illinois  in  lyoO-iyoj. 

1906  1907 

Coal $44,763,062  $54,687,382 

Pig  iron  (estimated) 47,128,000  52,228,000 

Oil   3,275,802  16,432,947 

Clay 12,783,813  13,351,362 

Zinc  (estimated)   5,499,508  6,614,608 

Limestone 3,476,449  4,333,651 

Portland  cement    2,461,494  2,632,576 

Sand  and  gravel 1,043,041  1,367*653 

Natural  and  slag  cement 188,262  174,282 

Fluorspar    160,623  141,971 

Mineral  water   77>2&7  91760 

Lead  ore   (estimated)    45>76o  t             45,760 

Sandstone X9,I25  14,996 

Pyrite    5,7°° 

Total   $120,922,226  8152,122,648 


The  development  of  Illinois  as  a  manufacturing  state  is  so  clearly 
shown  (Fig.  9  and  10)  by  the  table  and  chart,  that  nothing  need 
be  added  in  this  connection.  Since  1850  Illinois  has  passed  twelve 
states  ranking  then  above  it.  Whether  it  can  ever  hope  to  reach 
a  higher  rank  is  hard  to  tell,  but  it  will  be  many  years  before  it  will 
pass  its  present  leaders.  New  York  and  Pennsylvania.  The  capital 
invested  and  the  product  produced  by  its  thirteen  leading  industries 
are  matters  of  some  interest  (Fig.  11  and  12).  Illinois  needs  next 
a  larger  number  of  smaller  factories  and  it  needs  to  attract  a  larger 
variety  of  industries.  It  has  within  itself  all  the  elements  which  are 
needed  for  diversified  industries,  namely  cheap  facilities  for  produc- 
tion— a  large  population,  extensive  transportation  facilities  by  lake 
and  rail,  and  of  no  less  importance  it  has  in  Chicago  many  most 
extensive  and  efficient  organizations  for  the  distribution  of  the  fin- 
ished products. 

A  summary  of  Illinois  manufactures  for  the  two  years  1900  and 
1905  presents  some  interesting  figures.  Table  II.  It  shows  the  ef- 
fect of  the  growth  of  corporations,  the  increase  in  the  number  of 
establishments  being  only  3.8  per  cent.  In  all  other  items  the  growth 
is  substantial  and  rapid. 
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Table  II. 

Summary  of  the  Manufactures  of  Illinois. 

Per  oeat 

I905  I9OO  ££. 

Number  of  establishments ... .                14,921  I4,374  3-8 

Capital $975,844,799  $732,829,771  33.2 

Salaried   officials,   clerks,   etc., 

number 54,52i  40,964  33.1 

Salaries $60,559,678  $40,549,245  49.3 

Wage-earners,  average  number             379,436  332,871  14.0 

Total  wages   $208,405,468  $159,104,179  31.0 

Men  16  years  and  over 314,091  275,006  14.2 

Wages   $187,568,896  $143,714,217  30.5 

Women  16  years  and  over. .                60,399  47,922  26.0 

Wages    $19,893,360  $13,580,271  46.5 

Children  under  16  years. .. .                 4,946  9,943  5°-3 

Wages    $943,212  $1,809,691  47.9 

Miscellaneous  expenses $172,185,567  $118,047,771  45.9 

Cost  of  materials  used $840,057,316  $681,450,122  23.3 

Value   of   products,   including 

custom  work  and  repairing. $1,410,342,129  $1,120,868,308  25.8 


* Decrease. 

The  path  of  the  center  of  population  is  still  advancing  westward ; 
a  little  north  of  this  path,  is  that  of  the  center  of  manufacturing 
which  apparently  keeps  the  same  few  hundred  miles  behind  it,  Fig. 
13.  Recent  changes  in  manufacturing  locations  for  several  vast 
industries  will  extend  those  paths  still  on  toward  the  west.  Will 
these  centers  reach  Illinois  ?  We  believe  they  will  and  it  looks  now 
as  though  they  would  finally  locate  on  the  campus  of  the  University 
of  Illinois. 

The  Engineering  Experiment  Station  of  the  University  of  Illinois 
was  established  by  action  of  the  Board  of  Trustees,  December  8, 
1903,  in  connection  with  the  College  of  Engineering. 

There  were  two  influences  which  led  to  its  establishment ;  first, 
a  demand  from  the  industrial  interests  of  the  State  for  scientific  ex- 
perimentation relating  to  manufacturing  processes,  fuel  economies 
and  transportation  problems  ;  secondly,  the  very  great  success  attend- 
ing the  work  of  the  Agricultural  Experiment  Station  at  the  Uni- 
versity which  made  it  evident  that  a  similarly  successful  career  ought 
to  be  possible  for  an  engineering  experiment  station.  It  is  very 
evident  from  the  work  which  has  now  been  accomplished  by  our 
Station  and  the  many  helpful  things  it  has  done  for  the  industries 
of  the  State,  that  no  mistake  was  made  in  establishing  such  a  station. 

Organization — The  control  of  the  Engineering  Experiment  Sta- 
tion is  vested  in  the  heads  (9)  of  the  several  departments  of  the  Col- 
lege of  Engineering.     These  constitute  the  Station  StafT,  and  with 
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FIG.   8.— YEARLY  OUTPUT  OF  COAL  IN  ILLINOIS 


the  Director,  determine  the  character  of  the  investigations  to  be 
undertaken.  The  investigations  are  carried  on  by  the  members  of  the 
Staff  directly,  by  fellows  as  graduate  work,  by  members  of  the  in- 
structional force  of  the  College,  and  by  special  investigators  belong- 
ing to  the  Station  corps. 

Plan  and  Scope — It  is  the  purpose  of  the  Station  to  carry  on  in- 
vestigations along  the  various  lines  of  engineering,  and  to  make 
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RANK  of  MANUFACTURING  STATES. 
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FIG.   9. — RANK  OF  STATES  IN   MANUFACTURING 

studies  of  problems  of  importance  to  professional  engineers,  and  to 
the  manufacturing,  mining,  railway,  constructional  and  industrial 
interests  of  the  State.  It  is  believed  that  this  experimental  work  will 
result  in  contributions  of  value  to  engineering  science  and  to  the 
industries  of  the  State  and  that  the  pursuit  of  such  investigations 
will  give  inspiration  to  students  and  add  to  the  value  of  the  instruc- 
tional work  in  the  College  of  Engineering. 

Equipment  and  Facilities — In  carrying  on  the  activities  of  the 
Engineering  Experiment  Station,  there  is  necessary  a  large  amount 
of  equipment  of  various  kinds  suitable  for  investigational  purposes. 
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FIG.    IO.  —RANK  OF  ILLINOIS  AS  A  MANUFACTURING  STATE 

The  regular  equipment  provided  for  instruction  in  the  College  of 
Engineering  has  largely  been  used  for  these  investigations,  supple- 
mented by  the  purchase  of  additional  apparatus  necessary  for  special 
researches  in  the  Engineering  Experiment  Station.  After  an  investi- 
gation has  been  concluded,  the  apparatus  used  becomes  a  part  of 
the  equipment  of  the  department  to  which  it  most  naturally  belongs. 
The  item  of  expense  for  equipment,  therefore,  does  not  enter  into 
the  general  expenses  of  the  Engineering  Experiment  Station.  (The 
value  of  this  total  equipment  in  the  College  of  Engineering  is  now 
[April  1909]  about  $225,000.) 
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The  funds  expended  in  carrying  on  the  investigations,  already 
completed  and  now  in  progress,  have  been  during  the  last  five  years 
a  little  over  $150,000,  making  an  annual  expenditure  of  about 
$30,000. 

The  existence  of  the  Engineering  Experiment  Station  at  the 
University  makes  it  possible  to  utilize  to  great  advantage — 

(1)  The  library  facilities  of  the  University. 

(2)  The  continual  extension  of  the  equipment  of  the  various 
departments  of  the  College  of  Engineering. 

(3)  The  helpful  suggestions  and  direct  co-operation  of  other 
scientific  departments  at  the  University  outside  of  the  College  of 
Engineering. 
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FIG.    13. — PATH  OF  CENTER  OF  POPULATION  AND  OF  MANUFACTURES 


With  these  three  aids  the  expenditure  of  our  funds  is  bound  to 
result  in  much  larger  returns  than  would  be  possible  otherwise. 

The  work  of  the  Station  is  going  on  in  all  of  the  technical  and 
scientific  laboratories  of  the  University.  As  an  indication  of  the 
character  of  the  investigations  which  are  now  possible  a  list  of  sev- 
eral important  pieces  of  apparatus  and  installations  is  given.  In 
connection  with  this  article  there  are  also  given  several  reproduc- 
tions showing  the  laboratories  in  which  the  investigations  are  in 
progress  and  also  the  most  important  apparatus. 
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List  of  Equipment  in  the  Different  Laboratories. 

In  the  Laboratories  of  Applied  Mechanics  and  Hydraulics. 

( i )  A  Riehle  vertical  screw  power  testing  machine  of  600,000 
pounds  capacity  fitted  to  take  large  and  bulky  test  specimens.  This 
machine  will  take  compression  pieces  25  ft.  long  and  tension  pieces 


of  the  same  net  length  except  as  allowance  must  be  made  for  stretch. 
The  clear  distance  between  screws  is  36  in.,  which  gives  room  for 
bulky  and  built-up  pieces.  The  machine  is  provided  with  a  stiffened 
vertical  frame  to  allow  eccentric  and  oblique  forces  to  be  applied 
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to  test  pieces,  an  unusual  feature  in  testing  machines.  Short  beams 
may  be  tested  on  the  machine,  and  provision  may  easily  be  made  for 
testing  longer  beams.  Auxiliary  appliances  are  used  for  holding 
the  various  forms  of  test  pieces  in  order  to  secure  an  application  or 
distribution  of  the  load  in  the  manner  desired.  Especial  attention 
was  given  in  the  design  and  construction  of  the  machine  to  making 


FIG-  i$   TESTING  A  REINFORCED  CONCRETE  BEAM 


FIG.  I  6. TESTING  LARGE  REINFORCED  CONCRETE  FLOOR  SLABS 

FOR  TRACK  ELEVATION,  I.  C.  R.  R. 
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it  applicable  to  a  large  range  of  tests.  The  calibration  of  the  ma- 
chine shows  that  it  is  very  accurate  and  very  sensitive.  For  the 
smaller  loads  a  second  poise  weighing  up  to  60,000  ib.  is  used. 
Fig.  14. 


FIG.    17. — TESTING  LARGE  REINFORCED  CONCRETE  FLOOR  SLABS 
I.    C.    R.     R.    TRACK  ELEVATION 


FIG.    l8. GENERAL  VIEW  OF  MECHANICAL  ENGINEERING  LABORATORY 
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(2)  An  Olsen  four-screw  testing  machine  of  200,000  lb.  for 
tests  in  tension,  compression  and  flexure.  This  machine  will  take 
beams  up  taa  length  of  20  ft.     Fig.  15. 

(3)  Four  100,000-lb  testing  machines  of  different  makes,  fitted 
up  in  the  usual  way. 

(4)  An  Olsen  torsion  machine  of  220,000  inch-pound  capacity. 

(5)  An  Olsen  vibratory  testing  machine  for  testing  stay  bolts. 

(6)  An  impact  testing  machine  with  a  capacity  of  3,000  foot 
pounds,  fitted  with  autographic  apparatus  for  recording  the  velocity 
of  the  falling  weight  and  the  deformation  of  the  specimen. 


FIG.   19. EXPERIMENTAL  BOILER  PLANT,    210  H.     P.    HEINE  WATER  TUBE  BOILER 

GREEN  CHAIN  GRATE,    STURTEVANT  ECONOMIZER  AND  FOSTER  SUPERHEATER 

(7)  Four  hydraulic  jacks  with  pumps  having  a  total  capacity  of 
800,000  lb.,  with  auxiliary  rigging,  available  for  testing  large  cul- 
vert pipe,  large  reinforced  concrete  beams,  reinforced  concrete  pier 
footings  and  other  bulky  pieces.    Fig.  16  and  17. 

(8)  A  variety  of  smaller  machines  for  testing  cast  iron,  timber, 
etc. 

(9)  A  large  equipment  in  measuring  devices  such  as  extenso- 
meters  for  various  uses,  autographic  recording  devices,  gauges,  etc. 
Many  of  these  pieces  of  apparatus  were  designed  and  built  by  the 
department  and  are  especially  adapted  to  the  work  of  the  laboratory. 

(10)  A  commodious  hydraulic  laboratory,  well  equipped  with 
steam  engine,  steam  pumps,  centrifugal  pumps,  standpipe  and  pres- 
sure tanks,  lines  of  piping,  measuring  pits,  tanks,  weirs,  gauges, 
meters,  motors,  etc.,  giving  excellent  facilities  for  testing  hydraulic 
apparatus  and  for  making  investigations  in  hydraulics.  The  equip- 
ment includes  apparatus  for  the  study  of  problems  of  sedimentation 
and  filtration  of  public  water  supplies  and  the  softening  and  re- 
moval of  iron  from  water. 
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In  the  Mechanical  Laboratory. —  (Fig.  18  and  19.) 

I.  A  210  H.P.  Heine  water-tube  boiler  especially  arranged  for 
testing  Illinois  coals.  This  boiler  is  a  duplicate  of  the  boilers  used 
by  the  United  States  government  in  testing  coals  from  various  parts 
of  the  country.    A  Green  chain  grate  stoker  is  installed  under  this 


boiler,  and  draft  is  furnished  by  a  Sturtevant  induced  draft  fan, 
drawing  the  gases  through  an  economizer.  The  chain  grate  under 
the  boiler  may  easily  be  removed  and  a  plain  furnace  for  hand- 
firing  substituted.    A  complete   equipment   of  auxiliary   apparatus 
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necessary  for  boiler  tests  is  available,  including  recording  and  optical 
pyrometers,  and  standard  and  recording  apparatus  for  continuous 
gas  analysis.  Facilities  are  now  available  in  the  department  of 
physics  for  calibrating  all  thermometers  and  pyrometers  used  in 
work  of  this  character. 


FIG.    21. — YORK  JCE  AND  REFRIGERATING  MACHINE 

2.  An  independently-fired  Foster  superheater  capable  of  super- 
heating the  steam  from  a  150  H.P.  boiler  to  300  deg.  F.  above  its 
temperature,  at  120  pounds  gauge. 

3.  Several  residence  heating  boilers,  for  hot-air,  steam  and  hot 
water  service.  These  boilers  will  serve  to  compare  the  values  of 
such  various  coals  as  are  offered  in  the  Illinois  market  for  domestic 
purposes.    Fig.  20. 

4.  A  10-ton  York  refrigerating  plant  for  the  production  of  cold 
or  for  specific  tests.  With  this  plant  there  are  17  cans  for  ice 
making,  each  holding  100  pounds.  The  possibility  of  subjecting 
various  building  stones  or  other  material  to  alternate  freezing  and 
thawing  is  worthy  of  consideration.  The  effect  of  fifty  winters 
might  thus  be  known  in  a  single  month.  The  heat  conductivity  of 
all  kinds  of  walls  used  in  buildings  could  be  tested.     Fig.  21. 

5.  A  liquid  air  plant  with  a  capacity  of  about  three  quarts  an 
hour.  It  consists  of  a  Norwalk  four-stage  compressor,  compres- 
sing up  to  3,000  pounds,  together  with  a  Hampson  liquefier  with 
facilities  for  temperature  determinations. 

6.  An  Ingersoll-Sergeant  two-stage  air  compressor  driven  by 
compound  steam  cylinders.  The  steam  cylinders  are  12  in.  and  22 
in.  in  diameter  with  a  12  in.  stroke,  and  air  cylinders  are  1234  in. 
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and  i8J4  in-  in  diameter  with  a  12  in.  stroke.     A  vertical  receiver 
42  in.  by  8  ft.  high  is  provided  for  use  with  the  compressor. 

7.  A  50  H.P.  suction  gas  producer  built  by  the  Otto  Gas  Engine 
Works.  This  producer  is  adapted  to  burning  anthracite  pea  coal, 
coke  or  charcoal.  Special  apparatus  is  available  for  extensive  in- 
vestigations of  gas  producer  problems. 

8.  An  Otto  gas  engine  of  23  H.P.  capacity  for  use  in  connection 
with  the  gas  producer.  The  engine  cylinder  is  10  in.  in  diameter, 
with  a  19-in.  stroke.  It  is  provided  with  a  compressed  air  starting 
device,  sparking  generator,  speed  indicators  and  all  other  instru- 
ments necessary  for  testing  gas  engines.     Fig.  22. 


FIG.  22. — A   50  H.    P.   GAS  PRODUCER  AND  OTTO  GAS  ENGINE 
IN   MECHANICAL  ENGINEERING  LABORATORY, 

9.  A  15  H.P.  De  Laval  steam  turbine  direct-connected  to  a  com- 
pound centrifugal  pump.  This  apparatus  will  deliver  140  gallons 
of  water  per  minute  when  pumping  against  a  head  of  500  feet.  The 
turbine  wheel  and  small  pump  runner  make  23,500  revolutions  per 
minute ;  the  large  pump  runner  makes  2,350  revolutions  per  minute. 
The  turbine  is  provided  with  condensing  and  non-condensing 
nozzles. 

10.  A  hot  blast  heating  system  installed  to  heat  the  Mechanical 
Engineering  Laboratory.  This  consists  of  a  series  of  coils  amount- 
ing to  2,800  feet  of  1 -in.  pipe  and  a  72-in.  fan  draws  the  air  through 
the  coils  and  forces  it  into  the  galvanized  iron  pipe,  36  in.  in  diam- 
eter, which  distributes  it  to  different  parts  of  the  building.  The  fan 
is  driven  by  a  small  vertical  steam  engine. 

11.  A  100  H.P.  Allis-Chalmers  Corliss  engine,  equipped  with  a 
suitable  brake  and  other  apparatus  for  making  tests. 

1 2.  Several  high-speed  steam  engines  for  testing  and  for  driving 
other  apparatus. 

13.  Several  types  of  gasoline  engines,  ranging  from  1  to  10 
H.P.,  for  experimental  purposes. 
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14.  Automobile  motor,  4  cylinder,  independently  cast,  of  30  H.P., 
specially  equipped  for  extensive  investigation  of  high-speed  internal 
combustion  motors. 

15.  An  automobile  testing  platform  for  testing  automobiles. 

16.  A  six-stage,  60  H.P.  Kerr  steam  turbine,  equipped  with 
absorption  dynamometer,  and  installed  with  60  H.P.  Wheeler  sur- 
face condenser  and  supplied  with  saturated  or  superheated  steam. 

17.  A  Worthington  surface  condenser,  ^62  sq.  ft.  of  cooling  sur- 
face with  independent  steam  driven  vacuum  and  circulating  pumps, 
equipped  for  special  investigations  of  condenser  performance. 


FIG.   23.- 


-U.    OF  I.    MACHINE  SHOP,  LATHE  AND   MOTOR  DRIVE  FOR  TESTS    OF 
HIGH  SPEED  TOOL  STEELS 


18.  A  Meitz  &  Weiss,  2-cycle,  10  H.P.  kerosene  engine  equipped 
for  comparative  tests  of  oil  and  alcohol. 

19.  Gas  Analysis  Laboratory  for  complete  analyses  of  flue  gases 
from  Heine  boiler  and  house  heating-boilers  and  furnaces,  exhaust 
gases  from  gas  engines,  and  power  gas  from  the  producer. 

20.  A  10-ton  electric  crane,  having  three  alternating  current  mo- 
tors, for  experimental  work. 

21.  A  Golden  oil  testing  machine  for  testing  lubricating  oils  and 
bearing  metals. 

22.  A  lathe  and  motor  for  tests  with  high  speed  tool  steels. 
Fig.  23. 

August,  1909 


510 


Breckenridge — Engineering  Experiment  Station 


In   the  Electrical  Laboratory — (Fig.   24). 

1.  Three  rotary  converters  furnishing  current  based  on  no  and 
550  volts  D.  C. 

2.  A    15    H.P.    variable    speed    Westinghouse    D.    C.    interpole 
motor  giving  a  speed  range  of  300  to  1,200  rev.  per  min. 

3.  A  yy2  kw.  inductor  alternator  which  can  be  run  at  frequencies 
up  to  150  cycles. 


^               ^00                                           wife                                                                                . 
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FIG     24. — MAIN  TESTING  FLOOR  OF  THE  ELECTRICAL  LABORATORY 


4.  Two  General  Electric  stationary  armature  alternators  de- 
signed to  operate  as  either  two  or  three  phase  generators  or  motors 
and  at  a  variety  of  voltages. 

5.  A  45  kw.  motor  generator  set,  used  to  furnish  a  constant 
voltage  either  A.  C.  or  D.  C.  for  experimental  purposes. 

6.  Several  induction  motors  ranging  from  2  to  5  H.P.,  of  one, 
two,  and  three  phases  and  various  voltages. 

7.  A  number  of  no  and  220  volt  D.  C.  motors  of  from  10-15 
H.P.  and  a  variety  of  D.  C.  generators  of  various  makes  and  rang- 
ing up  to  10  kw.  in  capacity. 

8.  A  single  phase,  variable  speed,  220  volt,  10  H.P.,  A.  C. 
motor. 

9.  A  60  cell  Gould  storage  battery  of  240  ampere-hours  capacity 
with  a  switch  board  so  arranged  that  all  voltages  between  2  and  120 
can  be  obtained ;  also  current  up  to  100  amperes  at  full  voltage  with 
greatly  increased  current  at  lower  voltage. 

10.  A  large  number  of  transformers  of  various  capacities,  volt- 
ages and  transformation  ratios,  including  a  small  10,000  volt  and  a 
10  kw.  100,000  volt  testing  transformer. 

11.  A  photometry  and  illumination  laboratory,  provided  with  a 
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3  meter  and  a  5  meter  photometer  bar,  photometers  of  various  kinds, 
standard  lamps,  a  Sharp  Millar  illuminometer  and  a  room  equipped 
for  the  study  of  problems  in  illumination. 

12.  Two  experimental  telephone  switchboards  and  a  supply  of 
both  manual  and  automatic  telephone  apparatus. 

13.  A  large  equipment  in  electrical  measuring  instruments  of 
various  types,  both  A.  C.  and  D.  C,  among  which  is  a  series  of 
electrostatic  voltmeters  measuring  up  to  1,800  volts. 

14.  A  fine  set  of  standard  electrical  measuring  instruments  in- 
cluding a  Weston  D.  C.  laboratory  standard  voltmeter  and  a  milli- 
voltmeter,  Westinghouse  precision  voltmeter,  ammeter  and  watt- 
meter and  a  Leeds  Northrup  potentiometer. 

There  are  also  switchboards  for  rapid  handling  of  apparatus, 
numerous  lamp  banks  for  resistance,  oscillographs,  inductances,  con- 
densers, a  mercury  arc  rectifier,  arc  lamps  of  many  types,  racks  for 
life  tests  of  incandescent  lamps  and  much  other  smaller  apparatus 
of  value  in  research  work.  The  department  maintains  a  well 
equipped  machine  shop  with  an  expert  mechanic  in  charge  so  that 
special  apparatus  can  be  made  under  the  direction  of  the  experi- 
menter on  short  notice. 

The  Cement  Laboratory. 

This  laboratory  is  equipped  with  briquette  molds,  molding  ma- 
chines, testing  machines,  etc.,  necessary  in  testing  hydraulic  cement, 
and  in  making  investigations  as  to  the  effect  of  different  materials 
and  methods  of  manipulation  upon  the  strength  of  mortars  and 
concrete. 

The  Road-Materials  Laboratory — (Fig.  25). 

The  Civil  Engineering  department  in  its  Road-Materials  Labora- 
tory is  equipped  with  apparatus  for  testing  materials  for  road  and 
pavement  construction  as  follows : 


FIG.    25.  —  ROAD  MATERIALS  TESTING  LABORATORY 
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(i)  Two  types  of  rattlers  for  testing  brick:  National  Brick 
Manufacturers'  Association  and  Talbot-Jones,  machines. 

(2)  A  Dorrey,  a  Deval  and  a  Page  machine  with  the  necessary 
accessories  for  testing  the  road-building  qualities  of  gravel  and 
macadam. 

(3)  A  stone  crusher,  ball  mill,  briquette  machine  and  impact  ma- 
chine for  testing  the  cementation  of  stone  and  gravel  for  road  con- 
struction. 

(4)  Testing  sieves  and  agitator  for  grading  stone  and  gravel, 
also  balances  for  accurate  weighing. 

In  the  Physics  Laboratory. 

The  department  of  Physics  has  already  done  much  valuable  work 
for  the  Engineering  Experiment  Station.  Upon  the  completion 
next  September  (1909)  of  its  new  Physics  Laboratory,  costing  a 
quarter  of  a  million  dollars,  it  will  then  have  such  equipment  and 
facilities  as  will  enable  it  to  do  extensive  fundamental  research  work 
which  will  be  of  great  value  to  the  Station.  It  is  already  well 
equipped  for  such  work  as — 

(1)  The  checking  and  calibration  of  instruments  for  measuring 
temperatures. 

(2)  The  checking  and  calibration  of  electrical  standards  and 
instruments. 

Miscellaneous  Testing. — Besides  the  equipment  for  the  work  in 
the  lines  indicated  above,  the  department  of  Physics  is  supplied 
for  research  work  with  standard  apparatus  of  a  variety  of  kinds,  all 
of  which  is  available  for  testing  purposes.  Such  facilities  are 
standard  barometers,  standards  of  length,  photometric  standards 
with  photometers,  standards  of  weight  with  sensitive  physical  bal- 
ances, a  dividing  engine  and  comparator,  vacuum  and  compression 
pumps  with  gauges,  and  various  optical  apparatus  for  the  determi- 
nation of  optical  constants  and  accurate  appliances  for  the  measure- 
ment of  volume  or  pressure  of  liquids  and  gases. 

In  the  Railway  Laboratory. 

(1)  Electric  Test  Car. — The  Railway  Engineering  Department 
owns  a  two  hundred  horse  power  electric  test  car.  This  car,  of  the 
interurban  type,  was  designed  especially  for  experimental  work  and 
was  built  in  1905.  It  is  equipped  with  four-50  H.P.  D.  C.  motors 
and  with  the  Westinghouse  multiple  control  system.  The  car  is 
supplied  with  recording  voltmeters,  ammeters,  and  wattmeters  and 
with  auxiliary  measuring  and  recording  devices  by  means  of  which 
there  is  automatically  made  a  graphical  record  of  voltage,  current, 
pow^r,  speed,  acceleration,  time,  and  curvature. 

By  the  courtesy  of  the  Illinois  Traction  System,  whose  lines  are 
at  present  operated  between  the  cities  of  Danville,  Urbana,  Cham- 
paign, Decatur,  Bloomington,  Springfield  and  St.  Louis,  the  de- 
partment is  enabled  to  operate  this  car  on  their  lines. 
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(2)  Dynamometer  Car. — There  was  designed  and  built  in  1900 
a  dynamometer  car  which  is  owned  jointly  by  the  University  and  the 
Illinois  Central  Railroad.  This  car  is  equipped  with  all  the  appli- 
ances necessary  for  carrying-  on  train  resistance  experiments,  as 
well  as  with  auxiliary  apparatus  used  during  locomotive  tests. 
During  the  seven  years  in  which  it  has  been  in  service  this  car  has 
been  operated  over  the  entire  Illinois  Central  System,  in  the  estab- 
lishment of  tonnage  ratings,  as  well  as  on  the  lines  of  the  New 
Jersey  Central,  the  Baltimore  and  Ohio,  the  Cleveland,  Cincinnati, 
Chicago  and  St.  Louis,  and  the  New  York  Central  Railways.  Fig. 
26  is  a  view  of  the  interior  of  this  car. 


FIG.   26. INTERIOR  OF  DYNAMOMETER  CAR 

(3)  Drop  Testing  Machine. — There  has  recently  been  added  to 
the  equipment  of  the  Railway  Engineering  Department  a  standard 
drop  testing  machine  which  in  its  design  conforms  to  the  specifica- 
tions of  the  Master  Car  Builders'  Association.  This  apparatus  is 
used  in  making  impact  tests  of  car  couplers,  wheels,  axles  and  other 
material.  It  consists  essentially  of  a  hammer  weighing  1640  pounds 
which  runs  in  vertical  guides  fifty  feet  in  height.  The  material  to 
be  tested  is  placed  upon  the  massive  foundation  at  the  base  of  the 
machine  and  the  hammer  is  allowed  to  fall  upon  it  from  any  de- 
sired height. 

August,  1909 


514  Breckenridge — Engineering  Experiment  Station 

(4)  Brake  Shoe  Testing  Machine. — For  the  testing  of  brake 
shoes  the  department  has  constructed  a  brake  shoe  testing  machine 
similar  in  design  and  identical  in  operation  with  the  standard  ma- 
chine owned  by  the  Master  Car  Builders'  Association.  By  means 
of  this  apparatus  it  is  possible  to  determine  the  coefficients  of  fric- 
tion and  the  wearing  qualities  of  various  makes  of  brake  shoes,  as 
well  as  the  wear  of  the  wheel  under  the  action  of  the  shoes. 

The  above  list  will  serve  to  show  what  facilities  are  now  available 
for  investigations  in  certain  lines  of  work ;  but  after  all  it  is  men 
and  not  facilities  that  determine  what  of  value  will  finally  be  done. 
The  men  who  have  been  giving  thought,  direction,  energy  and  work 
to  the  Station  during  the  last  year  are  in  a  general  way  indicated 
by  the  following  groups : — 

(a)  The  heads  of  the  different  departments  of  the 
College  of  Engineering 9  persons 

(b)  The  special  investigators  of  the  Station.   Experts 

devoting   all   their   time   to   this   work,    doing 

work,  directing  work  and  planning  work 9  persons 

(c)  Research  Fellows  of  the  Station  appointed  for 

two  years,  devoting  one  half  their  time  to  the 
investigations  of  the  Station  and  one  half  to 
Graduate  Work,  receiving  the  Master's  degree 
at  the  end  of  the  period 9  persons 

(d)  Various  members  of  the  corps  of  instruction  of 

the  College  of  Engineering  who  are  able  to  de- 
vote a  small  part  of  their  time  to  some  inves- 
tigation or  who  are  able  to  direct  some  work 
in  progress  by  assistants,  fellows  or  scholars .  .  10  persons 

(e)  Some  Fellows  and  Scholars  doing  research  work 

in  the  Graduate  School 4  persons 

(f)  Heads  of  other  departments  of  the  University. 

Experts  of  the  Federal  Government,  chiefs  of 
state  department  bureaus,  all  cooperating  with 
the  Station  for  the  mutual  advance  of  special 
investigations 8  persons 

(g)  Advisory  Committees  representing  various  engi- 

neering societies  and  commercial  and  civic  or- 
ganizations giving  counsel,  advice,  suggestions 

and  criticisms  10  persons 

(h)     Draftsmen,  computers,  clerks,  mechanics,  assist- 
ants and  laborers 12  persons 

It  will  thus  be  seen  that  more  than  seventy  persons  are  now  more 
or  less  directly  interested  in  the  work  of  the  Station ;  of  this  num- 
ber about  fifty  are  actively  engaged  in  the  work  of  the  Station  for 
a  part  of  their  time  and  approximately  twenty  persons  are  devot- 
ing all  their  time  to  the  interests  of  the  Station. 
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The  Work  Already  Accomplished. 

The  work  which  has  thus  far  been  undertaken  may  be  divided 
into  three  parts : — 

(a)  Work  completed  and  results  published. 

(b)  Work  in  progress. 

(c)  Work  of  preliminary  investigations. 

(a)  There  have  now  been  published  (a  few  now  in  press) 
thirty-six  (36)  bulletins  of  the  Station.  As  these  bulletins  are  sent 
to  all  members  of  this  Society  it  will  not  be  necessary  to  refer  in 
detail  to  their  titles  or  to  the  character  of  the  investigations  to  which 
they  refer.  When  an  investigation  has  been  completed  and  the 
manuscript  and  drawings  are  ready  for  the  press,  a  publication  com- 
mittee of  three  is  appointed  who  are  asked  to  read  the  material  pre- 
pared, to  look  out  for  errors,  and  to  criticise  the  work  as  they  desire. 
The  number  of  each  edition  published  varies  from  six  to  twelve 
thousand  copies,  depending  upon  the  character  of  the  work  and  the 
estimated  demand  for  the  number.  In  several  instances  a  second 
edition  has  been  found  necessary.  At  present  about  one-half  of  the 
bulletins  printed  are  sent  to  residents  of  Illinois,  the  other  half  are 
sent  to  residents  of  other  states  and  foreign  countries.  That  the 
work  of  the  Station  is  fully  appreciated  by  engineers,  manufactur- 
ers and  others  is  shown  by  the  hundreds  of  congratulatory  letters 
received  by  the  Station  as  well  as  by  the  very  considerable  space 
given  in  the  best  technical  papers  at  home  and  abroad,  to  the  repro- 
duction of  its  papers  and  to  favorable  editorial  comment.  It  is  par- 
ticularly desired  that  the  bulletins  of  the  Station  should  be  received 
by  all  persons  in  Illinois  interested  in  the  numerous  problems  which 
connect  its  many  industrial  activities  with  the  researches  of  engi- 
neering and  applied  science,  such  as  manufacturing,  mining  and 
railway  transportation ;  the  chemical  and  heat  values  of  Illinois 
fuels ;  coal  consumption  in  boiler  furnaces,  in  gas  producers,  or  in 
residence  heating  furnaces ;  the  strength  of  materials  used  in  build- 
ing engineering  structures ;  the  strength  of  concrete  both  plain  and 
reinforced;  the  durability  of  road  material;  the  flow  of  water  in 
pipes,  conduits  and  channels ;  the  sanitary  problems  of  industrial 
corporations  and  municipalities ;  the  generation,  transmission  and 
use  of  electricity ;  the  problems  of  architectural  construction,  roof 
trusses,  columns,  base  plates,  piers  and  foundations ;  the  cost  of 
power  and  the  problems  of  heating  and  ventilation ;  the  problems  of 
heat  transmission,  radiation  and  absorption ;  the  problems  of  speech 
and  signal  transmission  and  many  other  problems  which  the  above 
enumeration  will  suggest. 

In  the  wise  distribution  of  the  publications  of  the  Station,  the 
members  of  this  Society  may  be  most  helpful  and  they  should  re- 
quest that  bulletins  be  sent  to  such  persons,  particularly  those  liv- 
ing in  Illinois,  as  they  believe  would  use  and  appreciate  them.  There 
are  in  Illinois  about  one  hundred  and  fifty  public  libraries,  all  of 
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which  receive  our  bulletins.  They  should  be  urged  to  preserve  their 
copies,  as  many  of  the  earlier  numbers  are  now  out  of  print  and  are 
not  easily  procured. 

The  mailing  list  for  the  Experiment  Station  bulletins  is  made  up 
about  as  follows  : — 

1.  Receiving    All    Bulletins.      (a)     List    comprising    all 

members  of  the  W.  S.  E. ;  (b)  All  members  of  sev- 
eral Illinois  societies,  clubs  and  commercial  organi- 
zations ;  (c)  The  residents  of  Illinois  who  are  mem- 
bers of  the  National  Engineering  Societies;  (d)  The 
Technical  Press,  domestic  and  foreign;  (e)  The 
leading  libraries  of  the  U.  S.  and  all  libraries  in  Illi- 
nois;  (f)  Instructional  Staff  and  all  graduates  of  the 
College   of   Engineering 4500 

2.  Receiving  only   Classified  Bulletins,      (a)      Manufac- 

turers interested  only  in  special  subjects ;  (b)  Fuel 
Engineers;  (c)  Refrigeration  engineers;  (d) 
Heating  and  Ventilating  Engineers;  (e)  Railway 
Clubs;  Boards  of  health;  (f)  City  Smoke  Depart- 
ments; (g)  Schools  and  Colleges;  (h)  Miners 
and  operators  of  Coal  Mines 1000  to  4000 

3.  Receiving  Bulletins  on  Request.     (Application  for  Bul- 

letins reach  the  Station  from  all  parts  of  the  world 
following  reviews  by  the  technical  press) 1000  to  1500 

4.  Unclassified  List — General   500 

(b)  There  are  now  over  fifty  lines  of  investigation  in  progress 
in  the  Station;  some  are  nearing  completion,  some  are  but  just 
started.  Many  preliminary  researches  reveal  the  absence  of  any 
necessity  for  further  work.  Some  investigations  lead  only  to  nega- 
tive results.  The  following  list  will  give  an  indication  as  to  the 
character  of  work  now  (May  1,  1909)  in  progress,  distributed 
among  the  various  departments. 

Investigations  in  Progress. 

1.  A   study  of  plain   base   plates   and   ribbed   base  plates   for 
columns. 

2.  Economical  design  of  steel  and  of  wooden  roof  trusses. 

3.  Description  of  specialties  and  conveniences  adapted  for  iso- 
lated country  dwellings. 

4.  Tests  on  the  action  of  rolling  loads  on  ordinary  highway 
bridges. 

5.  Standardization  of  the  rattler  test  for  paving  brick. 

6.  Use  of  concrete  on  the  farm. 

7.  Tests  on  tungsten  lamps. 

8.  Interference  between  high  potential  and  telephone  lines. 

9.  Tests  of  household  electric  appliances. 
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io.     Electric  drives  for  machine  tools. 
ii.     The  flow  of  steam  through  nozzles. 

12.  Transmission  of  heat  through  tubes  under  varying  velocities 
of  water  flow.  . 

13.  Gas  producer  tests  at  varying  capacities. 

14.  Problems  in  steam  heating  by  a  central  station  system. 

15.  The  cost  of  power. 

16.  Fuel  tests  with  house-heating  boilers. 

17.  Experiments  on  a  smokeless  furnace. 

18.  Fuel  tests  with  hot  air  furnaces. 

19.  Fuel  tests  with  Illinois  coal  in  power  plant  boilers. 

20.  The  weathering  of  coal. 

21.  Causes  which  promote  the  spontaneous  combustion  of  coal. 

22.  Report  of  tests  of  Illinois  Coals  by  U.  S.  Geol.  Survey. 

23.  Occluded  gases  in  coal. 

24.  The  low  temperature  distillation  of  coal. 

25.  On  the  rate  of  formation  of  carbon  monoxide  in  gas  pro- 
ducers. 

26.  Thermal-conductivities  at  high  temperatures. 

27.  Boiler  waters. 

28.  Electric  car  resistance. 

29.  Boiler  plate  temperatures. 

30.  Wheel  flange  pressures. 

31.  Tests  of  rock  ballast  road-beds. 

32.  Resistance  of  interurban  cars  on  curves. 

33.  Train  resistance  tests  on  steam  roads. 

34.  Relation   of   economic  conditions   of   territory   to  types   of 
electric  roads. 

35.  The  properties  of  reinforced  concrete  columns  with  special 
reference  to  the  use  of  large  amounts  of  steel. 

36.  The  properties  of  reinforced  concrete  beams ;  web  resistance 
and  modulus  of  elasticity. 

37.  Reinforced  concrete  wall  footings  and  pier  footings. 

38.  An  investigation  of  continuous  beams  made  with  reinforced 
concrete. 

39.  Bond  between  concrete  and  steel. 

40.  The  distribution  of  stress  in  structural  steel  columns. 

41.  A  study  of  tests  of  timber  stringers. 

42.  The  distribution  of  stresses  in  structural  steel  compression 
pieces. 

43.  The  action  of  metals  under  torsional  and  under  combined 
flexure  and  torsion. 

44.  Resilience  of  metals  beyond  the  elastic  limit. 

45.  Strength  and  cost  of  acetylene-oxygen  welds  in  steel  and 
other  metals. 

46.  Flow  of  water  through  sand  and  well  screens. 

47.  The  discharge  of  water  from  orifices  and  short  tubes. 

48.  An  investigation  of  water  hammer  in  pipes. 
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49.     Measurement  of  water  by  means  of  vertical  tubes. 

Doubtless  some  of  the  above  work  will  lead  to  no  results,  some  of 
it  will  not  be  completed  for  several  years  to  come,  but  much  of  it 
is  progressing  rapidly  and  the  prospect  is  good  for  future  valu- 
able bulletins  covering  a  wide  field. 

The  Influence  of  the  Station  on  Our  Educational  Work. 

It  was  our  thought  at  the  outset  that  the  pursuit  of  definite  ex- 
perimental work  would  give  inspiration  to  our  students  and  add 
to  the  value  of  the  instructional  work  of  the  College  of  Engineering. 
We  have  found  this  to  be  true.  The  work  of  the  Station  has  had  a 
marked  effect  in  strengthening  our  instructional  work.  The  con- 
tact with  scientific  experimentation  and  the  methods  of  presenting 
the  results  in  carefully  prepared  bulletins  is  a  most  helpful  factor 
in  the  training  of  the  young  engineer.  It  is  impossible  for  our  ex- 
perimental work  to  go  on  without  attracting  the  attention  of  our 
students.  The  work  must  be  carefully  and  accurately  done ;  the 
preparation  of  charts  and  diagrams  and  the  checking  and  re- 
checking  of  results  and  computations  involve  extreme  care  and  ac- 
curacy. The  fact  that  students  see  how  problems  are  taken  up, 
how  they  are  solved,  and  the  whole  work  satisfactorily  presented, 
is  perhaps  the  greatest  single  educational  gain  to  them.  They  live 
in  an  atmosphere  of  research  which  they  unconsciously  absorb. 
They  are  attracted  toward  research  work  themselves.  They  realize 
that  failure  to  contribute  each  particular  assignment  with  accuracy 
may  result  in  the  failure  of  the  entire  experiment.  While  the  in- 
vestigations are  carried  on  by  the  experts  of  the  Station,  still  there 
is  abundant  opportunity  to  make  real  use  of  student  help  in  many 
tests  and  computations.  The  chance  to  participate  in  many  of  the 
tests  is  appreciated  and  eagerly  sought  by  the  students.  They  are 
interested  in  the  direct  application  of  theoretical  principles  to  the 
solution  of  practical,  every  day  engineering  problems.  This  illus- 
trates the  old  pedagogical  principle  that  when  students  are  per- 
mitted to  take  part  in  real  activities,  they  are  more  alert,  interested 
and  accurate  than  when  merely  carrying  on  exercise  tests. 

Some  institutions  have  recently  dropped  the  thesis  requirement. 
This  appears  to  be  an  unfortunate  move.  It  has  probably  been 
caused  by  large  classes  and  insufficient  help  and  facilities.  In  the 
work  of  this  Station  many  subjects  relating  to  researches  in  progress 
are  capable  of  preliminary  investigations  as  thesis  work,  and  stu- 
dents pursue  this  work  with  unusual  care  and  attention.  Students 
are  also  greatly  benefited  by  conferences  with  and  lectures  by  our 
special  investigators  who  are  always  in  readiness  to  advise  students 
along  the  line  of  their  particular  problems. 

Encouragement  and  aid  are  freely  given  to  members  of  the  in- 
structional force  who  desire  to  take  up  some  line  of  research.  In 
this  way  much  excellent  work  is  done  which  necessarily  reacts  on 
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the  quality  of  class  instruction,  and  at  the  same  time  proves  a  source 
of  development  and  broadening.  This  work  serves  to  keep  us  all  in 
close  touch  with  outside  engineering  interests  and  practical  every 
day  problems  in  the  industrial  world.  While  our  bulletins  record 
mostly  the  results  of  the  Station's  own  staff  of  investigators,  there 
is  also  the  publication  of  circulars,  giving  compilations  of  the  re- 
sults of  important  experiments  by  engineers,  industrial  works,  tech- 
nical institutions  and  governmental  testing  departments.  This  opens 
up  opportunities  for  our  instructors  who  can  not  undertake  purely 
experimental  work. 

Each  head  of  a  department  in  the  College  of  Engineering,  being 
an  active  member  of  the  Station  Staff,  is  constantly  on  the  alert  to 
detect  the  possibilities  of  important  lines  of  work  and  also  to  study 
the  adaptation  of  certain  men  to  certain  lines  of  work  and  to  the 
possibility  of  developing  investigators  from  our  present  body  of 
students  and  instructional  force.  While  it  may  be  true  that  the 
genuine  investigator  and  experimenter,  like  the  poet,  is  born  and  not 
made,  still  much  may  be  done  to  develop  the  spirit  of  investigation. 
This  in  itself  is  always  an  element  of  true  teaching  and  the  awaken- 
ing of  a  more  general  spirit  of  investigation  would  undoubtedly  be 
an  element  of  strength  in  all  our  educational  work. 

Research  Fellowships. 

The  facilities  of  the  Station  for  research  have  made  it  possible  to 
do  real  graduate  work,  and  the  action  of  the  trustees  in  providing 
for  ten  research  fellowships  in  the  College  of  Engineering  of  an 
annual  value  of  $500  will  be  a  distinct  gain  to  advanced  engineering 
education.  The  rapid  growth  of  the  Graduate  School  of  the  Univer- 
sity is  also  proving  most  helpful  to  the  interests  of  the  Engineering 
Experiment  Station  and  an  increasing  number  of  scholarships  and 
fellowships  in  this  department  is  to  be  expected. 

Future  Work  of  the  Station. 

In  determining  the  character  of  the  work  which  the  Station  shall 
undertake,  the  most  careful  consideration  must  be  given  first  to  the 
needs  and  the  interests  of  the  state  of  Illinois.  Fortunately  Illinois 
is  singularly  favored  in  all  the  conditions  requisite  for  a  rapid  and 
permanent  industrial  development,  and  its  interests  cover  very  wide 
fields  of  engineering  activity.  In  view  of  its  cheap  and  abundant 
fuel,  its  great  agricultural  wealth  and  its  unexcelled  facilities  for  the 
transportation  of  raw  material  and  finished  products,  it  is  not  sur- 
prising that  Illinois  is  the  second  state  in  the  union  in  agriculture 
and  third  in  manufactures.  With  these  great  resources  devolves 
upon  us  great  responsibility  in  developing  and  husbanding  them. 
The  testing  of  its  materials  of  construction  will  always  be  a  matter 
of  importance  for  any  state.     The  prevention  of  the  waste  of  ma- 
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lerial  growing  more  and  more  expensive,  as  wood,  and  the  correct 
factors  of  strength  of  new  materials,  as  concrete,  are  always  sub- 
jects for  the  most  careful  investigation.  To  this  work  we  are  giv- 
ing considerable  attention,  and  the  demand  for  the  results  of  our 
tests  on  reinforced  concrete  which  are  being  carried  on  under  the 
supervision  of  Professor  A.  N.  Talbot  indicates  the  interest  which  is 
taken  in  this  work  and  the  necessity  felt  by  architects,  constructors 
and  builders  for  the  most  exact  information  along  these  lines. 

The  work  of  the  Station  will  also  extend  into  some  fresh  fields, 
seeking  to  discover  new  ways  and  means  for  economizing  energy 
and  materials,  for  the  prevention  of  waste,  for  the  protection  of 
labor-saving  machinery,  for  safer  methods  of  travel,  and  for  surer 
sanitary  methods  of  water  supply  and  sewage  disposal. 

Fuel  supply  is  of  such  prime  importance  in  our  industrial  de- 
velopment that  no  effort  should  be  spared  in  the  introduction  and 
promulgation  of  improved  methods  and  processes  in  the  mining, 
preparation  and  consumption  of  coal.  From  broad  economical  con- 
siderations wasteful  methods  of  using  coal,  or  the  rejection  of  any 
combustile  part  as  waste,  are  to  be  discountenanced.  Exhaustive 
and  careful  experiments  will  be  required  before  the  best  conditions 
can  be  attained.  These  experiments  must  include  analyses  of  coals 
from  all  parts  of  the  state,  a  determination  of  the  best  kinds  of  coal 
for  specific  purposes,  best  methods  of  burning  Illinois  coals,  effects 
of  various  methods  of  preparation,  experiments  on  various  kinds 
of  furnace  construction,  etc. 

Along  the  line  of  power  production  there  is  opportunity  for  much 
investigation.  New  problems  are  confronting  both  the  builders  and 
users  of  steam  and  gas  motors.  There  is  at  present  a  noteworthy 
change  from  the  reciprocating  engine  of  large  size  to  the  steam 
turbine.  Gas  engines  of  large  power  have  recently  been  installed, 
and  the  development  of  this  type  of  motor  bids  fair  to  be  more  rapid 
in  the  near  future.  Still  newer  types  of  motors  are  being  proposed 
from  time  to  time,  the  gas  turbine  being  one  that  at  present  occupies 
much  attention  as  an  attractive  possibility. 

For  the  user  of  power,  the  Station  can  investigate  questions  rela- 
tive to  the  economy  of  various  types  of  power  installations  with 
given  conditions  of  service.  For  the  builders  of  motors  it  can  in- 
vestigate the  new  and  perplexing  problems  that  have  arisen.  The 
properties  of  the  various  fluids  used  in  heat  motors  need  careful 
study.  Superheated  steam  is  essential  to  the  proper  working  of  a 
steam  turbine,  yet  many  of  its  properties  remain  to  be  investigated. 
The  properties  of  ammonia  and  other  fluids  used  in  refrigeration 
are  not  known  accurately,  and  even  the  properties  of  saturated  steam 
are  based  on  Regnault's  experiments  made  nearly  seventy  years  ago. 
A  careful  investigation  of  the  properties  of  heat  media  of  all  kinds, 
extending  if  necessary  over  a  series  of  years,  would  furnish  data 
of  the  greatest  value  to  engineers,  and  would  in  addition  be  a  note- 
worthy contribution  to  science. 
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Considerable  work  for  the  railroad  interests  has  already  been  done 
by  the  railway  engineering  department  of  the  university.  This 
department  owns  jointly  with  the  Illinois  Central  Railroad  a 
dynamometer  car  equipped  for  steam  road  experimental  work. 
With  this  car  have  been  made  numerous  road  tests  for  the  establish- 
ment of  tonnage  ratings.  The  department  also  owns  a  200  H.P. 
electric  car  of  the  interurban  type,  especially  designed  and  thor- 
oughly equipped  for  electric  traction  work.  Railway  work  with  both 
these  cars  will  be  prosecuted  vigorously  under  the  direction  of  the 
new  school  of  railway  engineering  and  administration  recently  or- 
ganized. 

It  is  expected  that  the  Experiment  Station  will  prove  helpful  to 
the  manufacturing  and  building  interests.  In  the  first  place,  it  will 
supply  accurate  data  regarding  the  properties  of  the  materials  used 
in  engineering  structures  and  buildings.  The  laboratory  of  applied 
mechanics  with  its  extensive  field  needs  much  greater  facilities  for 
this  line  of  work,  as  the  reinforced  concrete  tests  now  in  progress 
show  great  possibilities.  In  the  near  future,  an  extensive  series  of 
tests  on  cast-iron  columns,  and  on  various  forms  of  steel  and  iron 
members  is  contemplated.  Secondly,  the  Experiment  Station  will 
investigate  manufacturing  processes.  As  an  example  of  this  kind 
of  work  the  high-speed  steel  tests  are  cited.  Thirdly,  problems  re- 
lating to  design  and  construction  will  be  studied,  and  all  useful  re- 
sults will  be  published  for  the  benefit  of  those  engaged  in  design 
or  construction. 

As  a  rule  the  Experiment  Station  will  undertake  only  such  in- 
vestigations as  will  lead  to  results  of  fundamental  importance,  re- 
sults that  will  be  helpful  to  a  large  class  of  engineers  or  manufac- 
turers. It  will  not,  in  general,  undertake  work  of  importance  to 
individuals  only,  e.  g.,  the  testing  of  a  device  or  invention  for  the 
sole  benefit  of  the  inventor. 

The  Station  is  now  planning  to  make  a  more  systematic  study  of 
the  industrial  and  engineering  interests  of  the  state  of  Illinois,  more 
particularly  with  the  thought  in  mind  that  these  industries  should  be 
advised  as  to  the  work  already  accomplished  by  the  Station,  and  also 
that  more  exact  knowledge  may  be  obtained  concerning  the  needs 
of  the  various  industrial  interests  throughout  the  state. 

Professor  Kenneth  G.  Smith  in  the  capacity  of  Industrial  Visitor, 
has  during  the  year,  visited  the  manufacturing  centers  of  Illinois 
in  order  to  become  acquainted  with  the  problems  confronting  these 
various  interests  so  that  such  fundamental  problems  as  affect  a  large 
number  of  our  industries  can  be  taken  up  and  such  study  of  these 
problems  made  as  facilities  and  funds  permit. 

There  are  at  present,  as  already  pointed  out,  fully  fifty  persons 
doing  some  work  for  the  Station ;  of  this  number  only  twenty  are 
devoting  all  of  their  time  to  the  station  work,  the  remainder  giving 
but  a  part  of  their  time  to  its  interests.  There  are  now  (May,  1909) 
in  progress  nearly  sixty  different  investigations  which  could  doubt- 
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less  be  grouped  under  ten  general  heads.  There  are  now  fully  one 
hundred  available  investigations  waiting  for  an  opportunity  to  be 
started  and  for  funds  for  carrying  them  forward,  as  soon  as  a 
preliminary  survey  proves  them  to  be  worthy.  There  will  always 
be,  for  a  station  like  Illinois,  a  continually  increasing  need  of  such 
investigations  as  are  planned  to  be  made  by  the  Engineering  Ex- 
periment Station.  The  Station  is  growing  to  be  for  the  State  a  Pub- 
lic Service  Research  Laboratory  in  the  realm  of  industrial  science 
just  as  it  was  originally  intended  it  should  be,  and  the  results  of  its 
experiments  will  surely  add  to  the  wealth  of  the  State,  to  the  pros- 
perity of  the  industries  and  to  the  health  and  comfort  of  its  people. 
There  will  always  be  fundamental  problems  of  economic  importance 
underlying  the  advancement  of  the  industrial  interests  of  this  State. 
The  Engineering  Experiment  Station  should  be  ready  to  assist  in  the 
solution  of  the  problems  in  the  field  of  engineering  research.  Of 
fundamental  importance  are  such  problems  as  are  indicated  by  the 
following  list : — 

1.  The  determination  of  the  strength  of  materials  used  in  con- 
structive engineering  work.    A  very  large  and  important  field. 

2.  A  study  of  the  properties  and  strength  of  fabricated  articles, 
such  as  bridges  and  frame  work  of  important  engineering  machines 
and  structures. 

3.  A  study  of  the  development,  safety  and  economical  use  of  the 
machinery  and  appliances  used  in  mining  operations. 

4.  A  study  of  the  problems  relating  to  the  economic  transporta- 
tion of  passengers  and  materials  by  rail  (steam  and  electricity)  by 
water  and  by  air. 

5.  A  study  of  the  economic  construction  and  maintenance  of 
roads. 

6.  A  study  of  municipal  water  supply  and  sewage  disposal  as 
affecting  public  health. 

7.  A  study  of  the  best  methods  of  using  economically  the  fuels 
of  the  state,  not  only  for  the  production  of  power,  but  for  the  heat- 
ing of  buildings,  metallurgical  purposes,  etc. 

8.  Use  of  Illinois  coal  in  the  gas-producer. 

9.  Economic  production  and  use  of  steam. 

10.  Utilization  of  oil  products  for  economical  and  industrial 
purposes. 

11.  A  study  of  the  development  and  economic  production  of 
manufactured  products.    A  very  large  field  and  rich  in  problems. 

12.  A  study  of  the  generation,  transmission  and  utilization  of 
electrical  energy,  including  economic  and  satisfactory  methods  of 
telegraphy  and  telephony. 

With  such  a  program  it  is  plain  that  the  work  of  the  Engineering 
Experiment  Station  can  not  end  so  long  as  the  industries  of  the  State 
are  to  progress  and  develop,  so  long  as  the  fuel  problems  of  the  State 
continue  to  play  such  a  prominent  part  in  industrial  and  in  domestic 
use,  so  long  as  transportation  by  steam,  by  electricity  and  by  water 
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continues  to  expand,  or  so  long  as  a  knowledge  of  the  strength  of 
materials  continue  to  play,  as  it  always  will,  such  a  vital  part  in  the 
construction  of  engineering  works,  the  erection  of  state  and  private 
buildings,  and  the  design  and  construction  of  all  manner  and  kinds 
of  manufactured  products  which  our  complex  civilization  now  de- 
mands. 

Perhaps  the  slow  growth  of  the  Station  will,  in  the  end,  be  most 
satisfactory,  but  many  problems  are  now  waiting  for  help  and  much 
that  is  new  to  Illinois  interests  should  be  given  prompt  attention  so 
that  every  advantage  may  accrue  to  its  welfare.  "A  stitch  in  time 
saves  nine"  applies  forcefully  to  scientific  research.  A  knowledge 
of  facts  saves  much  waste. 

It  is  the  opinion  of  the  writer, 

(i)  that  the  Engineering  Experiment  Station  is  now  prepared 
to  wisely  and  economically  expend  on  engineering  investigations 
$100,000  annually; 

(2)  that  provision  for  this  amount  ought  soon  to  be  made,  and 

(3)  that  when  this  amount  has  been  wisely  spent,  provision 
for  future  funds  will  be  forthcoming.  The  greatest  single  need  of 
the  Experiment  Station  at  present  is  for  a  new  Materials  Testing 
Laboratory.  A  laboratory  suitable  for  this  important  part  of  the 
work  of  the  Station  would  cost,  with  its  equipment,  $250,000.00. 
The  State  should  be  asked  to  provide  such  a  building ;  the  work  to 
be  done  in  it  would  more  than  repay  its  cost  to  the  State  in  four 
years.  The  College  of  Engineering  and  the  Engineering  Experi- 
ment Station  have  always  received  the  substantial  support  and  ap- 
proval of  the  members  of  this  Society.  It  has  appreciated  this  sup- 
port and  has  endeavored  to  merit  it.  It  is  the  hope  of  the  writer 
that  this  strong  engineering  society  will  feel  justified  in  taking  a 
still  greater  interest  in  the  engineering  work  of  the  State  University. 
Why  should  not  our  various  organized  engineering,  manufacturing 
and  mining  interests  in  this  State  support,  back  up  and  push  for- 
ward the  work  of  the  Engineering  Experiment  Station  in  just  the 
same  way  and  for  the  same  reason  that  the  various  agricultural  in- 
terests support  the  interests  of  the  Agricultural  Experiment  Station? 
The  relation  of  the  engineer  and  the  relation  of  the  Engineering 
Society  to  the  public  are  well  worth  the  careful  thought  of  all  of  us. 
If  the  public  is  to  be  educated  along  engineering  lines,  it  is  the 
engineer  who  must  do  it.  Let  the  Western  Society  of  Engineers  do 
its  share  in  this  work  and  let  it  do  its  share  without  waiting  for 
some  other  organization  to  point  the  way. 

Relation  of  the  Station  to  the  Industries. 

It  has  already  been  shown  that  the  growth  and  development  of  .the 
industries  of  the  State  of  Illinois  have  been  truly  marvelous.  The 
work  which  the  Engineering  Experiment  Station  has  accomplished, 
has  now  in  progress  or  has  in  contemplation  for  the  future,  has  been 
briefly  reviewed.     It  will  be  seen  that  some  work  of  the  Station 
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will  be  helpful  to  all  industries,  that  other  work  will  be  helpful  to 
special  industries  and  still  other  work  will  be  of  significant  value  to 
each  and  every  home. 

The  continually  increasing  cost  of  lumber  during  recent  years 
has  emphasized  the  necessity  of  finding  some  material  to  take  its 
place.  Concrete  is  rapidly  doing  this.  Everywhere  we  see  this 
material  entering  into  all  sorts  of  structures.  Its  use  is  becoming 
universal.  It  is  easily  transported  and  handled.  The  desired  mix- 
ture of  cement,  stone  and  sand  can  be  prepared  by  machinery  and 
unskilled  labor.  Combined  with  suitably  located  steel  bars  it  is 
cheaper,  stronger  and  more  fire  resisting  than  wood.  The  cement 
industry  of  the  country  has  made  the  most  rapid  growth  of  any  of 
our  new  American  industries.  It  is  extremely  important  that  engi- 
neers, architects,  and  builders  should  know  definitely  and  accurately 
concerning  the  strength  and  other  physical  properties  of  reinforced 
concrete  in  all  its  many  and  varied  forms,  mixtures  and  mechanical 
treatments.  This  information  the  Engineering  Experiment  Station 
has  been  endeavoring  to  supply,  and  with,  we  believe,  much  success. 
Eleven  bulletins  of  the  thirty-six  published  have  referred  to  this 
subject.  The  first  step  was  the  installation  of  the  6oo,ooo-lb.  verti- 
cal testing  machine  arranged  for  testing  large  and  bulky  specimens ; 
then  came  the  planning  of  the  work,  the  making  of  the  tests ;  then 
the  labor  of  computations  and  finally  the  interpretation  of  the  results 
and  the  publication  of  these  results  and  the  conclusions  to  be  drawn 
from  them.  -The  last  of  these  steps  is  of  most  vital  importance.  To 
do  all  of  these  things  well  is  no  insignificant  task ;  but  they  must  be 
done  and  those  engineers  who  do  not  know  what  the  results  of 
such  tests  signify  will  either  use  materials  wastefully  or  will  design 
structures  that  will  be  temporary  and  unsafe.  Such  work  as  this 
can  not  fail  to  be  far  reaching  and  of  large  economic  importance 
to  all  the  engineering  and  industrial  interests  of  the  State.  In  the 
same  way  the  tests  of  Illinois  fuels  which  have  been  in  progress  for 
four  years  are  of  special  value  and  interest  to  every  manufacturer, 
every  railroad  company,  every  power  plant  both  private  and  munici- 
pal and  to  every  home  in  the  State.  They  are  equally  valuable  to 
the  mining  interests  of  the  State.  The  examination  and  tests  of  Illi- 
nois coals  have  been  carried  forward  by  several  cooperating  de- 
partments ; 

(a)  The  Technologic  Branch  of  the  U.  S.  Geol.  Survey. 

(b)  The  State  Geological  Survey. 

(c)  The  Chemical  Department  of  the  College  of  Science. 

(d)  The  Graduate  School  and 

(e)  The  Engineering  Experiment  Station  and  all  aided  by  the 
special  Conference  Committee  on  Fuel  Tests, — composed  of  repre- 
sentatives of  the  Western  Society  of  Engineers ;  Western  Railway 
Club ;  Illinois  Manufacturers'  Association  ;  Coal  Operators'  Associa- 
tion ;  State  Electric  Light  Association ;  and  the  Building  Managers' 
Association  of  Chicago.    Seven  bulletins  of  the  Station  have  related 
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to  this  important  work.  The  composition,  the  heating  value  and 
the  physical  nature  of  Illinois  coals  have  been  most  carefully  studied 
and  set  forth  as  the  result  of  the  work  carried  on  under  the  direction 
of  Professor  S.  W.  Parr,  and  his  work  will  continue  to  be  of  in- 
creasing value  as  time  goes  on.  The  experiments  by  the  experts 
of  the  Station  concerning  the  burning  of  Illinois  coals  under  power 
plant  boilers,  and  in  furnaces  designed  to  allow  perfect  combustion 
and  smokelessness  have  done  much  to  make  Illinois  coals  worth 
more  in  our  own  and  in  neighboring  states,  especially  those  states 
north  and  west  of  Illinois.  A  knowledge  of  the  comparative  ex- 
pense of  burning  briquetted  fuel,  coke,  hard  coal,  Virginia,  Ohio 
and  Illinois  coals  in  different  types  of  residence  heating  furnaces 
and  boilers  can  not  help  but  be  of  value  to  every  home  in  the  State. 
The  bulletin  of  Dr.  J.  K.  Clement,  on  the  "Rate  of  Formation  of 
Carbon  Monoxide  in  Gas  Producers"  is  a  work  of  exceptional  merit 
and  is  a  first  step  in  aiding  the  problem  of  Illinois  coal  as  a  suitable 
fuel  for  large  gas  producers.  The  coal  produced  by  Illinois  has  an 
annual  value  of  $55,000,000,  a  still  larger  amount  is  doubtless  con- 
sumed by  Illinois  industries ;  the  writer  would  welcome  figures  on 
this  subject.  If  the  economies  pointed  out  as  possible  by  the  Station 
were  carried  out,  and  in  many  cases  they  have  been,  at  least  5%  of 
the  coal  consumed  by  the  State  could  be  saved. 

What  is  true  of  the  Experiment  Station's  work  and  tests  of  con- 
crete and  fuel,  is  equally  true  of  its  other  lines  of  work,  but  thus 
far  more  time  and  money  have  been  devoted  to  these  two  lines  of 
work  than  to  others.  More  need  not  be  said  to  convince  the  engineer 
or  the  members  of  this  Society,  that  the  work  of  an  Engineering 
Experiment  Station  may  be  as  helpful  to  the  progress  of  industrial 
Illinois  as  the  work  of  the  Agricultural  Experiment  Station  has 
been  and  is  to  the  agricultural  interests  of  the  State.  It  will,  per- 
haps, take  more  time  to  educate  the  general  public  to  understand 
the  possibilities  for  good  which  might  easily  result  from  a  more 
generous  support  of  such  a  station.  It  will  be  for  such  societies 
as  this  to  demand  of  the  Station,  such  service  as  it  should  reason- 
ably be  expected  to  furnish,  at  the  same  time  urging  such  generous 
support  by  the  State  for  its  work,  as  the  results  of  its  past  investi- 
gations seem  to  justify  or  the  possibilities  of  the  future  seem  to 
promise.  There  are  many  investigations  which  must  be  made,  they 
are  vital  to  industrial  progress.  Many  of  these  investigations  can 
be  better  made  by  such  a  station  as  the  one  we  are  now  describing 
than  by  any  other  agency.  They  can  be  made  for  less  money.  They 
can  be  made  by  scientific  methods.  While  they  are  being  made  they 
will  help  develop  the  type  of  man  needed  by  our  industries  for  the 
more  special  investigations  of  the  individual  or  the  more  highly 
specialized  industry.  Several  foreign  nations  have  agencies  similar 
to  this  to  make  their  fundamental  industrial  investigations.  Are 
not  the  future  interests  of  the  State  of  Illinois  of  such  im- 
portance as  to  demand  the  substantial  development  and  extension  of 
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the  work  now  started  by  its  Engineering  Experiment  Station  and 
should  not  the  engineers  and  the  manufacturers  themselves  organize 
to  cooperate  with  the  Station  in  guiding,  in  protecting  and  in  ad- 
vancing the  researches  of  the  Station  in  a  way  that  will  serve  the 
best  interests  of  this  great  industrial  State? 

What  Will  an  Engineering  Experiment  Station  Cost? 
The  Illinois  Enginering  Experiment  Station  has  been  in  active 
operation  for  four  years.  When  it  was  first  started  it  was  a  matter 
of  some  doubt  about  the  wisdom  of  some  of  its  tests.  Funds  were 
available  in  excess  of  the  pressing  needs.  This  was  fortunate  be- 
cause some  expensive  equipment  was  necessary  to  carry  out  the 
plans  of  the  future.  This  equipment  was  purchased.  As  soon  as 
the  bulletins  of  the  Station  began  to  appear  and  engineers  and  manu- 
facturers became  acquainted  with  the  work  and  the  objects  of  the 
Station,  we  began  to  receive  requests  for  tests  far  beyond  the  capac- 
ity of  the  Station.  At  the  present  time  it  is  absolutely  impossible 
to  take  up  one  quarter  of  the  work  which  comes  to  us  for  investiga- 
tion. It  has  always  been  the  policy  of  the  Station  not  to  do  any 
work  for  pay.  The  reason  for  this  is  evident.  We  refer  many  in- 
quiries to  the  proper  commercial  parties.  We  are  not  running  a 
consulting  office.  The  work  we  do  must  be  of  general  interest  to  a 
large  number  of  citizens.  Some  work  may,  nevertheless,  be  of  spe- 
cial interest  to  certain  groups  of  engineers  or  manufacturers.  Young 
industries  sometimes  need  preliminary  help;  it  is  good  State  policy 
to  help  them. 

The  expenses  of  the  Experiment  Station  for  the  past  four  years 
have  been  as  indicated  below : — 

Expenses  of  Engineering  Experiment  Station 

I903-4    

1904-5    $  25,000 

1905-6    25,000 

1906-7    30,000 

1907-8    33>ooo 

1908-9    37>°oo 

Total    $150,000 

It  would  have  cost  three  times  this  amount  to  have  done  this  work 
if  it  had  been  done  independently  of  the  educational  work  of  the 
College  of  Engineering.  It  is  clear  to  the  writer  that  the  Station 
has  demonstrated  its  ability  to  organize,  plan,  execute  and  publish 
work  of  great  value  to  the  State.  It  can  be  trusted  with  much 
greater  work  and  it  will  be  better  done  in  the  light  of  past  experience 
and  better  facilities.  The  problems  in  hand  and  before  it  for  solu- 
tion involve  expense.  Some  problems  must  extend  over  several 
years  in  time.  Three  quarters  of  all  the  problems  which  the  Station 
will  investigate  will  relate  to  the  conservation  of  the  resources  of  the 
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State  and  N'ation.    Where  else  shall  the  State  go  for  aid  in  solving 
such  problems  as  have  been  outlined  in  this  paper? 

Reference  has  several  times  been  made  to  the  extensive  and  valu- 
able work  which  is  being  done  for  the  State  of  Illinois  by  its  Agri- 
cultural Experiment  Station.  This  Station  receives  funds  from  the 
Federal  Government  for  aiding  its  work,  but  by  far  the  greater 
part  of  its  funds  is  appropriated  by  the  State.  It  is  asking  the  legis- 
lature this  year,  for  its  use  during  the  next  two  years,  the  amounts 
indicated  in  Table  3  below : — 

Legislative  Askings  for  the  Agricultural  Experiment  Station 

1909-1911 

1  The  College  $140,000 

2  Live  stock  investigation  140,000 

3  Soils    200,000 

4  Crops    60,000 

5  Horticulture 80,000 

6  Dairy    102,300 

7  Floriculture    35>ooo 

Total    $757,300 

In  addition  to  this  amount  for  operating  expenses,  it  is  asking 
for  buildings,  $162,500. 

The  funds  appropriated  to  the  University  by  the  Federal  Govern- 
ment— a  part  of  which  are  for  Agricultural  Experiment  Station 
work — are  set  forth  in  Table  4.  Is  it  any  wonder  that  the  work  of 
the  Agricultural  Experiment  Station  should  have  been  important 
and  its  researches  extensive?  No  one  doubts  the  wisdom  of  the 
expenditures  and  every  one  praises  the  results  of  its  work. 

The  Engineering  Experiment  Station  is  now  ready  to  do  great 
things  for  the  industries  of  the  State.  It  will  cost  more  money  than 
has  yet  been  appropriated  if  greater  things  are  to  be  accomplished. 

The  writer  believes  that  the  industries  can  afford  an  extension  of 
the  work  of  its  Engineering  Experiment  Station  and  that  it  will 
pay  to  make  such  extension. 

Discussion. 

President  Allen;  First  let  me  thank  Prof.  Breckenridge,  on  be- 
half of  the  Western  Society  of  Engineers,  for  his  most  timely  and 
interesting  address.  Our  Society  should  be  in  the  closest  possible 
touch  with  the  great  engineering  schools  of  the  West,  and  such 
evenings  as  this  are  most  important  in  establishing  and  maintain- 
ing such  relations. 

It  is  the  American  idea,  and  preeminently  the  western  idea,  that 
the  education  of  the  people  is  a  function  of  the  State.  To  this  end 
the  State  provides  its  schools,  leading  from  the  common  school  up 
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to  the  University,  compelling  everyone  to  take  the  rudiments  of 
education,  and  offering  the  very  highest  facilities  for  advanced  edu- 
cation to  those  who  choose  and  are  able  to  avail  themselves  of  them. 
In  this  way  the  State  itself  and  the  whole  people  of  the  State  come 
into  a  very  intimate  connection  with  the  State  educational  system, 
and  with  the  State  University ;  on  the  one  hand  supporting  it  by 
general  taxation,  and  on  the  other  hand  entrusting  to  it  the  education 
of  their  youth,  and  the  Western  Idea  looking  to  it  for  instruction, 
advice  and  help  in  building  up  the  industries  of  the  State. 

In  Illinois — one  of  the  greatest  manufacturing  and  industrial 
states  of  the  Union — our  State  University  at  Urbana  is  a  splendid 
testimonial  to  the  progress  of  this  idea  of  mutual  aid  and  coopera- 
tion. We  all  know  the  crying  need  of  scientific  development ;  how 
few  things  in  the  engineering  world  are  done  as  well  as  they  might 
be  done,  and  how  few  people  are  trained,  and  have  data  at  hand,  to 
do  things  in  a  scientific  and  systematic  way.  The  work  of  the  En- 
gineering Experiment  Station,  as  described  by  Prof  Breckenridge, 
is  going  to  fill  a  big  place  in  the  development  of  our  State.  It  is 
certainly  a  step  in  the  right  direction.  A  great  work  has  been  done 
already,  and  the  possibilities  for  the  future  are  almost  limitless.  The 
work  should  concern  and  interest  every  citizen  of  the  State. 

The  paper  is  now  open  for  discussion,  and  I  am  glad  to  see  our 
State  University  as  well  represented  here  this  evening.  We  would 
like  very  much  to  hear  from  Dr.  Goss,  Dean  of  the  Illinois  College 
of  Engineering. 

Dr.  W.  F.  M.  Goss,  m.w.s.e.  :  I  know,  Mr.  President,  that  you, 
as  well  as  all  members  present,  will  agree  with  me,  when  I  say  that 
we  are  indebted  to  Prof.  Breckenridge  in  a  two-fold  way  tonight. 
We  are  certainly  indebted  to  him  for  presenting  in  such  a  clear, 
logical  and  strong  way  this  story  of  the  problems  and  work  of  the 
Illinois  Engineering  Experiment  Station,  which,  when  published 
in  our  Journal,  will  put  before  the  engineering  public  a  great  work 
and  one  which  is  at  present  somewhat  peculiar  to  the  state  of  Illi- 
nois, so  far  as  it  is  a  work  which  proceeds  under  state  auspices.  As 
yet  no  other  state  institution  has  a  regularly  organized  Engineering 
Experiment  Station  proceeding  in  connection  with  its  engineering 
college. 

The  second  thing  for  which  we  as  members  of  this  Society,  and 
as  engineers  in  the  state  of  Illinois,  may  feel  indebted  to  Prof. 
Breckenridge,  is  the  larger  fact  that  it  has  been  through  his  en- 
thusiastic efforts  that  this  Engineering  Experiment  Station  has  been 
established  and  brought  to  its  present  high  state  of  efficiency.  I 
think  we  may  all  be  proud  that  we  are  members  of  a  society  in  a 
state  where  so  much  has  been  accomplished  for  the  advancement  of 
scientific  information  for  the  benefit  of  engineers,  and  that  we  have 
with  us  tonight  the  man  who  has  laid  the  foundations,  aided  in  se- 
curing financial  support,  and  put  the  station  in  a  fine  state  of 
development. 
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These  are  two  things  for  which  we  should  feel  especially  grateful 
to  the  speaker  tonight. 

On  my  own  behalf  and  the  College  of  Engineering  of  the  State 
of  Illinois,  I  want  to  say  that  since  Prof.  Breckenridge  is  to  leave 
us,  and  is  to  sever  his  connection  with  this  State,  there  rests  upon 
every  one  who  is  interested  in  the  progress  of  engineering  education 
and  the  introduction  of  scientific  research,  a  new  responsibility.  The 
work  he  has  carried  on  so  well  must  be  taken  up  by  others,  and  it 
will  require  the  reinforcement  of  interest  on  the  part  of  everybody 
in  the  state  who  naturally  should  be  interested  in  that  work,  in  order 
that  it  may  not  fall  below  the  high  expectations  Prof.  Breckenridge 
has  had  for  it.  I  take  it  that  while  we  may  have  other  desires  and 
purposes,  yet  it  will  not  be  a  fitting  ambition  on  our  part  if  we  do 
not  render  all  the  assistance  we  can  in  this  matter ;  we  want  the 
work  carried  on  as  Prof.  Breckenridge  wishes  it  to  go  on.  That  I 
think  would  be  a  high  idea  for  the  existence  of  this  Station,  but  of 
course  there  are  others  reasons  than  that.  I  am  sure  the  engineers 
generally  feel  a  great  pride  in  the  work  which  has  been  already  ac- 
complished by  the  Experiment  Station.  Most  of  them  know  of  that 
work  and  many  have  had  a  part  in  it,  and  I  do  not  need  to  urge  the 
members  of  this  Society  to  do  what  can  be  done  to  sustain  and 
foster  the  College  of  Engineering.  Now  we  are  reaching  the  time 
when  we  shall  have  to  call  on  our  friends,  when  we  shall  have  to 
urge  our  friends  to  think  of  the  needs  of  the  College  of  Engineer- 
ing and  the  Experiment  Station,  in  order  that  we  may  go  on  to  new 
standards  and  greater  prominence.  It  is  true  that  we  have  a  great 
college  and  we  are  doing  our  work,  but  it  is  also  true  that  our 
facilities  are  far  below  the  facilities  which  ought  to  be  available  in 
this  state,  for  the  work  which  ought  to  be  done.  Those  of  us  who 
stand  in  the  place  of  Prof.  Breckenridge  will  wish  to  lean  heavily, 
frequently,  on  the  clientage  of  the  college,  its  graduates,  its  friends, 
and  the  engineers  of  the  state,  for  encouragement  and  support.  I 
cannot  refrain  from  saying,  just  at  this  moment,  after  listening  to 
this  excellent  address,  that  a  beginning  has  been  made,  and  the 
time  is  coming  when,  in  place  of  efforts  which  have  been  made,  we 
must  put  forth  renewed  efforts  greater  than  anything  which  has 
yet  been  done. 

Mr.  W.  L.  Abbott,  m.w.s.e.  :  The  talk  this  evening  has  centered 
principally  around  the  campus  of  the  University  of  Illinois,  and  al- 
though there  are  many  here  tonight  who  owe  allegiance  to  other 
colors  and  other  engineering  colleges,  I  know  that  each  one  feels  a 
pride  in  the  work  which  the  engineering  colleges  of  this  day,  in 
common  with  Illinois,  are  doing  in  the  work  of  investigations. 

One  of  the  principal  things  which  engages  the  Board  of  Trustees 
of  Illinois  is  robbing  neighboring  institutions  of  their  shining 
lights, — for  instance,  President  James  was  secured  from  North- 
western University,  and  Dean  Goss  from  Purdue  University,  and 
so  on  down  the  line.     But  we  have  cause  to  regret  that  while  we 
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were  away  on  one  of  our  foraging  expeditions  another  institution 
came  along  and  took  one  of  our  best  men. 

One  would  think,  after  contemplating  the  department  that  Prof. 
Breckenridge  has  built  up  in  the  past  few  years,  that  he  would  be 
content  to  stay  and  enjoy  the  fruits  of  his  labor,  but  apparently  he  is 
possessed  of  that  wanderlust  which  is  characteristic  of  the  Metho- 
dist minister,  who,  after  having,  by  sacrifice  and  struggle,  built  a 
comfortable  church  in  which  he  could  stay  the  remainder  of  his  life, 
instead  of  doing  so  looks  for  "new  fields  to  conquer,"  and  moves 
on  again  to  a  churchless  parish.  So  Prof.  Breckenridge  is  going 
to  a  benighted  institution  where  he  thinks  the  gospel  is  needed  more 
than  it  is  in  Illinois.  He  is  going  to  show  the  people  of  the  East 
what  Western  civilization  and  Western  hustle  can  do.  He  says 
that  if  he  is  able,  he  will  develop  an  engineering  school  at  Sheffield, 
which  will  compare  with  that  at  Illinois,  but  in  case  he  is  not  able  to 
do  so,  he  will  settle  down  in  academic  repose  in  the  land  of  fried 
chicken  and  fresh  oysters. 

James  Lyman,  m.w.s.e.  :  After  the  remarks  of  the  last  speaker, 
I  think  it  is  incumbent  upon  me,  as  an  alumnus  of  Yale  and  a  fellow 
college  man  with  our  member  Prof.  Breckenridge,  to  call  attention 
to  the  fact  that  the  great  universities  and  most  successful  colleges 
in  the  West  have  been  started  by  Yale  men.  Prof.  Breckenridge 
came  West  with  a  splendid  groundwork  in  educational  lines  and  the 
enthusiasm  and  spirit  of  Yale,  and  it  was  due  partly  to  that  and 
partly  to  the  fact  that  he  "hailed"  from  the  state  of  Connecticut 
(which,  although  one  of  the  smallest  states  in  area,  ranks  highest 
in  educational  lines),  that  he  has  made  such  a  record.  The  engi- 
neering department  at  Yale  is  a  purely  scientific  school,  and  the  en- 
gineering graduates  are  all  rejoicing  in  the  selection  of  Prof. 
Breckenridge  to  make  Sheffield  not  only  a  scientific  school,  but  one 
that  shall  minister  to  the  needs  of  the  great  industrial  enterprises  of 
New  England  and  all  the  East,  in  establishing  such  an  engineering 
department  as  he  has  created  for  the  state  of  Illinois.  What  is  loss 
to  the  State  of  Illinois  is  gain  to  Connecticut  and  Yale. 

Mr.  A.  Bement,  m.w.s.e.  (by  letter)  :  As  a  representative  of  the 
Western  Society  of  Engineers  on  the  Conference  Committee,  organ- 
ized for  the  purpose  of  assisting  in  the  fuel  testing  work  of  the  Illi- 
nois Engineering  Experiment, Station,  I  wish  to  extend  my  hearty 
congratulations  to  Prof.  Breckenridge,  and  to  join  with  the  rest  of 
his  friends  in  wishing  him  the  fullest  measure  of  good  fortune  and 
success  in  his  new  position,  and  to  say  that  his  genial  presence  will 
be  missed. 

The  Engineering  Experiment  Stations  are  quite  a  new  institution, 
something  with  which  we  have  not  had  much  experience,  and  it 
has  occurred  to  me  that  it  would  probably  be  appropriate  to  offer 
some  suggestions  having  a  bearing  on  their  usefulness. 

I  think  it  would  be  desirable  to  have  some  form  of  organization 
among  different  stations,  so  that  each  may  know  what  character  of 
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research  is  being  conducted  by  the  others,  thus  avoiding  duplication 
of  work.  Also  that  broad  and  adequate  consideration  be  given  to 
the  experimental  work  which  may  be  undertaken,  because  it  is  no 
easy  matter  to  expend  to  the  best  advantage  appropriations  made  for 
such  work.  There  is  danger  that  the  things  selected  for  study  may 
appeal  only  to  the  official  in  charge,  and  that  his  viewpoint  may 
govern,  rather  than  that  of  the  requirements  of  the  public. 

Aside  from  the  conduct  of  research,  I  think  the  experiment  sta- 
tions have  an  opportunity  to  be  of  great  benefit  at  small  expense, 
by  assembling  together,  properly  editing  and  presenting  in  bulletins, 
results  secured  by  other  experimenters,  which  would  often  be  of  as 
great  advantage  as  work  that  the  experiment  station  might  itself 
conduct. 

President  Allen:  The  tide  has  been  running  for  sometime  from 
the  East  to  the  West ;  now  we  have  the  return  tide,  and  Western 
business  men  are  called  to  high  executive  places  in  the  East ;  West- 
ern engineers  are  in  charge  of  many  of  the  most  important  engi- 
neering works  in  the  East,  and  now  Western  educators  are  going 
to  Eastern  Universities.  So  the  West  is  coming  into  its  own ;  in- 
stead of  being  a  missionary  State  it  is  sending  its  own  missionaries 
abroad. 

And  now  let  us  wish  Prof.  Breckenridge  a  career  of  splendid  suc- 
cess in  the  East.  Our  best  wishes  go  with  him  to  his  new  responsi- 
bilities, and  he  will  always  find  a  warm  welcome  from  the  State  and 
its  citizens  to  whom  he  has  given  so  many  of  the  best  years  of  his 
life. 

Prof.  Breckenridge:  I  desire  to  thank  the  members  of  the  West- 
ern Society  of  Engineers  for  all  the  delightful  things  they  have  said 
to  me.  I  shall  always  remember  the  many  agreeable  things  that 
have  come  to  me  during  my  stay  in  the  West,  and  when  I  come  to 
Chicago,  it  is  needless  to  say  I  shall  always  call  on  the  Western 
Society  of  Engineers 

I  shall  also  greet  with  much  pleasure  members  of  this  society  that 
come  to  New  Haven  to  visit  Yale  or  to  see  me,  and  I  shall  always 
be  glad  to  have  any  of  you  hunt  me  up  and  let  me  have  the  pleasure 
of  showing  you  Yale  and  particularly  the  Sheffield  Scientific  School. 
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BREAKWATERS,  PIERS  AND  REVETMENTS, 

By  W.  V.  Judson,  Major,  Corps  of  Engineers,  U.  S.  Army. 

Mem.  Am.  Soc.  C.  E. 

Presented  May  19,  1909. 

For  some  time  work  has  been  progressing  in  this  district  (Mil- 
waukee) which  has  involved  the  study,  design  and  construction  of  re- 
inforced concrete  caissons  for  various  structures.  This  system  of 
construction  has  proved  so  efficient  and  economical,  and  the  studies 
have  been  so  promising  that  a  full  account  of  the  work  seems 
desirable. 

No  dry  dock  is  available  in  which  to  construct  the  caissons,  and 
the  development  of  the  latter  has  been  influenced  by  the  fact  that 
the  caissons  must  be  built  on  ways  and  launched  therefrom  like  any 
vessel.  The  heaviest  caissons  launched  have  weighed  about  119  tons 
each,  but  caissons  weighing  352  tons  each  will  be  built  and  launched 
at  Milwaukee,  next  summer,  and  there  is  no  reason  to  doubt  that 
much  heavier  caissons  can  be  launched  with  perfect  facility. 

The  ways  that  have  been  employed  consist  each  of  three  12  in.  by 
12  in.  stringers,  descending  into  the  water  with  a  slope  of  one  on  ten. 
With  this  slope  the  caissons  start  of  themselves  and  do  not  bind. 
The  stringers  are  supported  on  capped  pile  bents,  extend  far  enough 
back  to  give  building  space,  and  terminate  about  six  feet  under  water. 

The  caisson  is  begun  upon  a  plank  floor,  3  in.  or  4  in.  thick,  which 
is  launched  with  and  forms  a  part  of  the  caisson.  Spikes  are  driven 
through  the  plank  so  as  to  project  upward  into  the  concrete,  and 
building  paper  is  pressed  down  upon  the  plank  to  reduce  the  leakage. 
A  temporary  wooden  deck  is  used  while  launching  and  while  towing 
any  considerable  distance  in  the  open  lake.  A  caisson  is  designed  so 
as  to  have  its  width  and  depth  proportionate  to  the  work  it  is  to  do 
in  a  breakwater  or  pier.  Its  length  is  limited  partly  by  the  undesir- 
ability  of  too  great  aggregate  weight,  but  more  by  the  consideration 
of  longitudinal  strength,  considering  the  whole  caisson  as  a  beam 
upon  which  various  stresses  may  be  brought  to  bear  under  different 
assumptions  as  to  character  of  foundations.  The  reinforced  con- 
crete walls,  bottom  and  cross-walls  are  limited  in  thickness  by  con- 
siderations of  buoyancy,  but  within  the  limits  of  buoyancy  it  is  prac- 
ticable to  design  with  reasonable  economy. 

Whether  in  a  given  caisson  to  employ  thick  walls  and  few  cham- 
bers or  thin  walls  and  many  chambers  is  a  question,  in  solving  which 
careful  judgment  should  be  employed.  With  thick  walls  and  few  of 
them  the  cost  of  putting  the  reinforced  concrete  in  place  is  reduced. 
On  the  other  hand  with  more  numerous  walls  the  spans  are  reduced 
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and  the  caisson  even  with  thinner  walls  sometimes  is  a  safer  struc- 
ture. 

In  some  cases  it  would  probably  be  advantageous  to  substitute 
interior  bracing  for  some  of  the  cross  walls. 

In  the  general  case  small  caissons,  say  14  feet  square  in  plan,  such 
as  I  am  using  for  a  number  of  light-house  structures,  must  be 
monocellular,  for  the  reason  that,  if  they  were  divided  up,  considera- 
tions of  buoyancy  would  require  the  use  of  such  thin  walls  that  ex- 
cessive care  would  be  required  in  their  construction,  and  the  steel 
if  sufficiently  embedded  would  be  too  near  the  center  of  the  walls. 

On  the  other  hand,  in  the  case  of  large  caissons,  such  as  the  one 
60  feet  square  in  plan,  hereinafter  alluded  to,  it  is  best  to  have  nu- 
merous chambers,  inasmuch  as  the  cross  walls,  even  if  there  are 
many  of  them,  may  still  be  of  reasonable  thickness.  It  is  not  believed 
that  in  many  cases  it  would  be  true  economy  to  use  caissons  which 
would  be  lighter  in  weight  than  conditions  of  buoyancy  require. 

The  stresses  brought  upon  a  caisson  are  ordinarily  as  follows: 
those  due  to  water  pressure  upon  the  outside ;  those  arising  from 
excess  of  pressure,  due  to  the  filling,  outward ;  those  due  to  bending, 
if  the  foundation  be  imperfect  and  the  caisson  be  supported,  for 
example,  under  its  two  ends,  or  under  its  middle;  and  those  due  to 
wave  action. 

When  the  caisson  is  launched  it  may  be  but  ten  days  old,  and  the 
concrete  relatively  green.  When  launched,  unless  long  and  expensive 
ways  are  employed,  the  caisson  plunges  low  in  the  water,  and  the 
pressure  due  to  the  latter  is  at  a  maximum. 

It  is  generally  found  that  if  the  walls  and  the  steel  therein  be 
proportioned  to  care  for  this  initial  pressure  safely,  then  the  other 
stresses  are  negligible,  although  investigation  should  always  be  made 
as  to  the  sufficiency  of  the  longitudinal  strength. 

In  designing  caisson  walls  and  bottoms,  several  methods  have  been 
employed.  For  a  time,  following  Merriman  ("Mechanics  of  Ma- 
terials," 10th  Edition,  1905),  the  steel  near  the  surfaces  of  the  walls 
has  been  assumed  to  take  up  all  the  tension  and  compression,  the 
neutral  axis  to  be  in  the  center  of  the  wall,  and  the  concrete  to  serve 
only  as  the  web  of  the  beam.  Later  the  more  correct  and  economical 
theory  has  been  applied,  that  the  steel  on  the  tension  side  takes  up  all 
the  tension,  while  the  steel  on  the  other  side  reinforces  the  concrete 
in  compression  from  the  neutral  axis  up.  The  horizontal  steel  rein- 
forcement employed  in  the  walls  has  been  distributed  in  equal 
amounts  on  each  side  of  the  neutral  axis. 

Deformed  bars  are  preferred,  as  plain  bars  might  not  form  a 
sufficient  bond  with  the  green  concrete. 

From  study  and  experiment  it  is  believed  that  the  horizontal  steel 
rods  in  a  wall  may  be  proportioned  as  follows :  Assume  a  reasonable 
thickness  for  the  wall  dependent  upon  flotation  desired,  etc.,  say 
from  12  to  16  inches.    Consider  the  wall  as  a  series  of  discontinuous 
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beams,  one  above  the  other,  each  with  a  distributed  load  correspond- 
ing to  an  assumed  maximum  water  pressure.  Take  the  span  in  the 
clear  without  allowance  for  the  filling  in  of  the  corners  where  walls 
meet  (this  gives  a  factor  of  safety).  Neglect  the  facts  that  the  wall 
is  a  slab,  due  to  the  presence  of  vertical  rods,  and  that  it  is  a  con- 
tinuous beam  (these  give  additional  factors  of  safety).  Then  propor- 
tion the  steel  in  accordance  with  the  formulae  stated  on  page  117, 
Proceedings  of  the  Am.  Soc.  C.  E.  for  Feb.,  1909,  allowing  the  steel 
in  tension  to  be  strained  to  18,000  pounds  per  square  inch.*  Mr. 
Howard  A.  Hoeing  of  this  office  has  prepared  from  these  formulae 
diagrams  by  means  of  which  a  graphical  solution  of  any  ordinary 
problem  of  this  character  can  be  quickly  made. 

The  diagram  shown  on  Plate  I  is  based  on  a  modulus  of  elasticity 
for  concrete  of  3,000,000,  and  may  be  used  directly  for  allowable 
tensile  stresses  in  steel  of  10,000  or  20,000  pounds  per  square  inch. 
It  is  easy  with  a  simple  computation,  to  use  this  diagram  for  any 
other  selected  allowable  unit  stress  in  the  steel.  This  diagram  is 
applicable  especially  to  caissons  that  are  built  in  dry-docks,  or  in 
general  under  such  conditions  that  the  concrete  may  age  to  30  days 
before  it  is  strained. 

The  diagram  shown  on  Plate  II  is  based  on  a  modulus  of  elasticity 
for  concrete  of  1,250,000,  which  is  reasonably  exact  for  concrete  but 
ten  days  old,  and  on  an  allowable  tensile  stress  in  the  steel  of  18,000. 

The  use  of  these  diagrams  is  explained  in  Appendix  I. 

In  the  walls  a  certain  number  of  rods  are  introduced  vertically. 
They  have  generally  been  placed  in  pairs,  spaced  2  feet  apart.  The 
vertical  rods  add  somewhat  to  the  strength  of  the  walls,  and  rein- 
force against  diagonal  tension,  considering  the  caisson  as  a  single 
beam.  They  also  serve  as  supports  for  the  horizontal  rods  in 
forming. 

The  steel  in  the  bottom  is  determined  as  in  the  case  of  a  wall.  If 
the  caisson  is  to  be  placed  on  a  pile  foundation,  the  principal  system 
of  rods  ordinarily  runs  longitudinally  to  support  the  filling  from  one 
pile  bent  to  another.  For  use  on  an  enrockment  the  principal  rods 
in  the  bottom  are  ordinarily  placed  transversely.  In  the  bottom,  as  in 
the  walls,  the  rods  are  placed  in  pairs,  one  rod  near  each  surface,  and 
again  as  in  the  walls,  a  lighter  system  of  rods  is  employed  at  right 
angles  to  the  main  system. 

Wherever  walls  come  together,  the  re-entrant  angles  are  filled  in 
with  concrete,  as  shown  on  the  Plates,  and  short  rods  are  inserted  in 
these  angles  to  stiffen  them. 

Inasmuch  as  no  records  were  available  where  beams  with  equal 
reinforcement  top  and  bottom,  and  of  concrete  but  ten  days  old,  have 
been  tested  to  destruction,  a  few  tests  of  this  character  have  been 


*The   formulae  are   correctly  stated   in   Appendices   I   and  II.    There  are 
typographic  errors  in  the  "Proceedings"  above  mentioned. 
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made.  The  results  of  these  tests  confirm  the  belief  that  the  method 
of  designing  above  described  will  give  reasonable  factors  of  safety, 
which  will  be  increased  somewhat  by  other  considerations  that  have 
already  been  mentioned. 

The  experimental  tests  indicate  that  failures  due  to  compression  in 
the  concrete  need  not  be  apprehended  except  where  the  percentage  of 
reinforcement  is  very  large,  larger  in  fact  than  would  ordinarily  be 
employed  in  caissons  following  the  method  of  designing  proposed. 
Where  the  shear  is  great,  however,  there  should  be  an  investigation 
as  to  the  sufficiency  of  the  resistance  to  diagonal  tension  stresses. 

Appendix  II,  prepared  by  Mr.  J.  A.  B.  Tompkins,  Assistant  En- 
gineer, describes  and  analyzes  the  tests  above  mentioned  and  states 
the  formulae  recommended  by  the  special  committee  of  the  Am.  Soc. 
C.  E.,  which  are  applicable  to  the  work  under  consideration.  Among 
the  formulae  are  those  for  compression  in  extreme  fiber  of  concrete 
and  for  diagonal  tension.  Considering  all  of  the  conditions  and  the 
results  of  the  tests,  it  would  appear  that  at  time  of  launching  com- 
pressive stresses  on  extreme  concrete  fiber  up  to  1,000  pounds  per 
square  inch  and  diagonal  tension  stresses  up  to  50  pounds  per  square 
inch,  both  as  determined  by  the  formulae,  where  the  caisson  zvalls 
are  designed  as  herein  proposed,  would  not  be  excessive. 

At  the  time  the  caissons  are  launched,  any  failure  would  probably 
result  from  failure  in  the  green  concrete  in  portions  of  a  wall  where 
the  percentage  of  steel  is  greatest,  or  from  tension  failures  in  the 
steel  where  the  percentage  of  reinforcement  is  small.  But  as  the 
concrete  rapidly  gains  in  strength,  such  designing  as  I  have  de- 
scribed would  make  the  walls,  after  the  lapse  of  time,  much  stronger, 
and  where  the  percentage  of  steel  is  greatest,  approximately  equally 
liable  to  yield  through  tension  or  compression  failures.  It  appears 
therefore  advisable  to  use  steel  with  a  high  elastic  limit,  the  gain 
being  most  noticeable  on  portions  of  a  wall  where  the  percentages 
of  steel  are  relatively  small. 

A  method  employed  for  investigating  the  longitudinal  stiffness  of 
a  caisson  is  shown  on  Plate  III.  The  54-ft.  Milwaukee  caisson  has 
been  chosen  for  purposes  of  illustration.  As  this  caisson  is  designed 
to  be  supported  on  four  bents  of  piling,  the  assumption  is  made  that 
one  of  the  end  bents  is  cut  off  too  low  to  perform  its  function.  One- 
third  of  the  caisson  would  then  be  unsupported  and  would  act  as  a 
cantilever,  bringing  the  steel  near  the  top  of  the  caisson  into  tension. 
Assuming  that  the  concrete  serves  no  function  except  to  unite  the 
steel  rods  and  make  them  act  together,  the  steel  is  projected  into  a. 
beam,  under  the  assumption  that  all  the  steel  in  a  given  horizontal 
plane  is  united  together  to  form  part  of  a  flange  or  web.  The  maxi- 
mum bending  moment  is  applied  to  this  hypothetical  beam  and  the 
tension  in  the  extreme  fiber  thus  determined  is  assumed  to  be  the 
tension  in  the  steel  rods  near  the  top  of  caisson. 

No  difficulty  has  been  experienced  in  securing  water-tight  walls. 
The  caissons  are  constructed  of   1 :2  4  concrete  and  the  latter  is 
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ordinarily  dense  enough  without  treatment.  However,  the  caissons, 
on  the  ways,  have  as  a  rule  been  partially  filled  with  water,  to  test 
water-tightness,  and  in  some  cases  a  grout  wash,  containing  lye  and 
alum,  has  been  applied  to  the  exterior. 

It  is  believed  that  the  harmful  effects  of  salt  water  would  be  re- 
duced to  a  minimum  in  the  case  of  the  dense  concrete  of  the  caissons. 

One  of  the  first  thoughts  that  arose,  when  the  permanent  filling  of 
the  caissons  was  under  consideration,  was  as  to  the  effect  of  interior 
freezing.  In  the  autumn  of  1907  a  small  caisson,  7  feet  long,  5.81 
feet  wide,  and  5.67  feet  high,  with  bottom  and  walls  varying  in  thick- 
ness from  4  to  5  inches,  was  built  on  the  Government  dock  at  Mil- 
waukee, Wis.,  tumbled  off  the  dock  into  the  water,  thus  falling  6 
feet,  towed  to  the  mouth  of  the  harbor,  beached  in  3.8  feet  of  water 
in  an  exposed  location  on  North  Point,  filled  with  sand,  and  paved 
over  with  6  inches  of  concrete.  This  caisson,  which  is  still  in  place, 
has  not  moved  perceptibly  nor  suffered  damage  from  any  cause 
whatever. 

The  first  caissons  for  actual  service  were  built  by  days  labor  at 
Kewaunee  harbor,  Wis.,  during  the  summer  of  1908.  They  were 
used  in  constructing  a  breakwater  at  Algoma  harbor,  Wis. 

The  caissons,  24  feet  long  (or  25  feet  long  with  the  guide  tim- 
bers), 15  feet  wide  and  12  feet  4  inches  high,  with  walls  12  inches 
thick,  one  cross-wall  10  inches  thick  and  a  bottom  16  inches  thick 
(not  including  the  4-inch  thickness  of  plank  bottom),  weighed  119 
tons  each  in  air.  They  were  constructed  on  ways,  of  which  three 
sets  were  provided,  at  the  rate  of  one  every  third  day  after  organiza- 
tion was  completed.  There  were  no  difficulties  encountered  in  any 
part  of  the  work.  The  caissons,  temporarily  decked,  were  launched 
and  towed  12  miles  in  the  open  lake  to  Algoma  harbor,  Wis.,  where 
the  decks  were  removed  and  the  caissons  parked  until  they  could 
conveniently  be  placed  in  the  work.  When  launched,  as  the  ways 
terminated  but  6  feet  below  datum,  the  caissons  tilted  forward  until 
the  decks  made  an  angle  of  about  30  degrees  with  the  water  surface, 
and  sunk  until  they  were  just  submerged.  They  immediately  righted 
themselves  and  floated  with  a  draft  of  9.7  feet,  corresponding  to  a 
freeboard  of  2.63  feet. 

At  Algoma  the  arm  of  the  breakwater  constructed  of  caissons  was 
51 1.7  feet  long.  The  natural  depth  varied  from  15.3  to  13.5  feet. 
The  breakwater  faces  approximately  south-east  by  south  and  is  ex- 
posed to  a  fetch  of  about  140  miles  measured  normally  to  the  break- 
water. 

At  Algoma  the  caissons  were  sunk  on  a  pile  foundation  so  as  to 
project  one  foot  above  datum  when  placed.  Intermediate  be- 
tween the  pile  tops  and  the  plank  bottoms  of  the  caissons  were  cast 
iron  disks,  covering  the  pile  tops  and  placed  upon  them,  -of  course, 
before  the  caissons  were  sunk.  These  disks  were  cast  with  waffle 
patterns  on  each  side,  so  that  the  corrugations,  being  pressed  down 
into  the  piles  and  up  into  the  plank  bottom,  would  introduce  a  desir- 
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able  amount  of  friction  and  at  the  same  time  somewhat  equalize  the 
loads  on  the  piles.  The  initial  sinking  was  by  means  of  water,  in- 
troduced through  syphons.  The  caissons,  except  several  that  were 
rilled  otherwise  for  experimental  purposes  and  which  will  be  herein- 
after described,  were  then  filled  with  broken  stone  to  within  4  feet 
of  the  tops.  The  rest  of  the  filling  was  of  lean  concrete,  and  the 
breakwater  was  completed  by  riprapping  its  sides  and  adding  a  con- 
crete superstructure. 

I  cannot  speak  too  highly  of  the  services  of  Mr.  L.  E.  Lion,  As- 
sistant Engineer,  who  was  in  local  charge  of  the  work.  That  this 
undertaking,  when  so  much  was  novel,  progressed  so  smoothly  was 
largely  due  to  his  skill  and  careful  foresight.  Appendix  III  is  a 
report  by  Mr.  Lion  describing  all  the  details  of  the  work.  His 
analyses  of  cost  are  especially  complete  and  valuable. 

Before  the  Algoma  breakwater  was  commenced  it  was  estimated 
that  its  cost,  if  built  of  stone-filled  wooden  cribs  of  the  type  usually 
employed  on  this  lake,  the  same  being  placed  on  pile  foundation 
and  capped  with  a  standard  concrete  superstructure,  would  be 
$105.18  per  lineal  foot,  and  this  was  the  cheapest  way,  following 
former  practice,  in  which  the  breakwater  could  have  been  built  in 
permanent  form.  The  estimate  for  the  caisson  breakwater  was 
$103.74  per  lineal  foot,  large  unit  prices  having  been  purposely  as- 
sumed because  of  the  novelty  of  the  work.  The  actual  cost  of  the 
work  proved  to  be  but  $75.67  per  lineal  foot,  although  there  should 
be  added  to  this,  to  make  the  estimates  fairly  comparable,  $2.62  per 
lineal  foot  to  allow  for  the  saving  on  riprap  stone  that  was  obtained 
from  the  demolition  of  the  old  south  pier.  It  therefore  appears  that 
the  saving  on  the  Algoma  breakwater,  due  to  the  use  of  the  caissons, 
was  $26.89  Per  lineal  foot,  or  25.57%. 

Incidentally  it  may  be  said  that  for  the  construction  of  the  harbor 
at  Algoma  there  was  available  on  Jan.  1,  1908,  $44,822  cash,  with 
$100,000  additional  authorized  and  subsequently  appropriated.  This 
was  considered  but  a  fair  allowance  for  the  work  projected,  if  done 
by  contract,  and  in  fact  the  prices  bid  by  contractors,  after  formal 
advertisement,  were  so  large  that  the  cost  would  have  exceeded  the 
amount  available.  Using  Government  plant  and  days  labor,  the 
harbor  is  now  completed,  except  for  dredging  20,000  cubic  yards, 
more  or  less,  and  depositing  about  the  pile  pier  700  tons,  more  or 
less,  of  riprap,  and  after  this  small  amount  of  work  is  completed  in 
the  spring  there  will  remain  of  the  amount  originally  available  at 
least  $45,000. 

Views  1  to  12,  inclusive,  fully  illustrate  the  Algoma  work.  Plates 
IV  to  VII,  inclusive,  reproduce  in  sufficient  detail  the  drawings  per- 
taining thereto. 
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Referring  to  Appendix  III,  the  following  is  a  summary  of  the  cost 
of  the  caisson  breakwater,  on  a  unit  price  basis: 

Cost  of  the  20  caissons  up  to  delivery  at  Algoma,  Wis. 
Item  I. — Cost  per  cubic  yard  of  reinforced  concrete. 


View  i. 
Reinforced  Concrete  Caissons  for  Algoma  Breakwater — ready  to  launch. 

Plant  charge,  including  cement  warehouse $0,714 

Charge  for  launching  ways °-750 

Charge  for  forms 0.908 

Materials : 

Cement  $1 .549  per  cu.  yd. 

Sand  and  stone 1 .298 

Steel   reinforcing  bars    (including  wire   and 

spacers)    4-9H 

Timber  in  bottoms,  decks  and  guide  timbers. .    1.275 

Nails,  spikes  and  bolts 0.522 

Fuel  and  miscellaneous  supplies 0.225  $9-783 

Labor,  including  superintendence 5*083 

Towing  12  miles 0.423 

Cost  per  cubic  yard $17,661 

Total  cost  of  the  20  caissons,  containing  1045  cubic  yards  of 

reinforced  concrete $18,456.75 
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Work  at  Algoma  after  caissons  were  delivered. 

Item  2  : — Cost  of  820  cubic  yards  1 :5  :io  concrete  filling. 

Materials  and  labor : 

Cement  0.735  bbls.  Per  cu-  yd.,  at  $1.15 $0,845 

Aggregate,  1.001  cu.  yds.,  at  $1.25 1.251 

Handling  cement,  per  cu.  yd.  of  concrete 0.033 

Handling  aggregate,  per  cu.  yd.  of  concrete 0.314 

Labor  and  superintendence,  per  cu.  yd.  of  concrete.  .  .  1.295 

Fuel,  per  cu.  yd.  of  concrete 0.189  $3,927 

Plant  charge,  including  warehouse 0.890 

Forms    0.030 

Total  per  cubic  yard $4,847 

Total  for  820  cubic  yards $3,974-54 

Item  3  : — Cost  of  421  cubic  yards  1 :3  :5  concrete  superstructure. 
Materials  and  labor : 

Cement,  1.264  bbls.  per  cu.  yd.  of  concrete,  at  $1.15. $1-454 

Aggregate,  0.998  cu.  yd.  per  cu.  yd.  of  concrete,  at  $1.25.  .    1.248 

Handling  cement,  per  cu.  yd.  of  concrete 0.059 

Handling  aggregate,  per  cu.  yd.  of  concrete 0-359 

Labor  and  superintendence,  per  cu.  yd.  of  concrete 2.660 

Fuel,  per  cu.  yd.  of  concrete 0.189 

5.969 
Plant  charge,  including  warehouse 0.890 

Forms     0.525 

Total  per  cubic  yard $7,384 

Total  for  421  cubic  yards $3,108.66 

Item  4: — Pile  foundation,  376  piles,  aggregateing  15,040  lin.  ft. 

Cost  of  piles $2,481.60 

Cast  iron  pile  disks 176.40 

Labor  and  superintendence ;  sharpening,  driving,  cutting 

off  and  leveling  pile  foundation 1,261.34 

$3-919-34 
Plant  charge 320.00 

Total .$4,239.34 

Cost  per  pile  4239.34-^376=$!  1.275. 

Item  5  : — Riprap  stone. 

Large  stone  purchased,  1572.45  tons,  at  $1.19 $1,871.22 

Small  stone  purchased,  3825.52  tons,  at  $0.98 3,749.01 

Riprap  from  demolition,  1231  tons,  at  $0.25 307.75 

Labor  and  superintendence  placing  purchased  riprap.  .  .    1,718.24 

Time  of  dredge  casting  riprap 124.41 

Plant  charge,  scows  and  derrick 264.00 

Total  cost  of  6628.97  tons  of  riprap  in  place $8,034.63 
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Cost  per  ton  8034.63 ^6628.97=$!. 2 12. 

Item  6 : — Miscellaneous. 

Setting  ranges  and  preliminary  work $  71.81 

Removing  decks  and  preparing  caissons  for  sinking 329.07 

Towing  with  gasoline  launch 323-25 

Miscellaneous  supplies    181.65 

$905.78 
Total  cost  of  51 1.7  lineal  feet  of  breakwater;  aggregate  of 

Items  1  to  6  inclusive $37,718.58 

Cost  per  lineal  foot  of  completed  breakwater $75-67 

Having  thus  stated  in  detail  the  cost  of  the  Algoma  work  it  is 


View  2. 
Reinforced  Concrete  Caissons  under  construction. 

proper  to  study  the  figures  with  a  view  to  ascertaining  how  estimates 
for  future  work  of  a  similar  character  may  be  based  upon  them. 

First,  it  is  to  be  remembered  that  the  working  hours  were  eight 
per  day,  except  that  during  the  favorable  working  months  of  July, 
August  and  September,  by  Executive  Order,  the  hours  on  Saturdays 
were  reduced  to  four,  although  payments  were  made  for  full  time. 

Second,  the  harbor  at  which  the  caissons  were  built  was  12  miles 
distant  from  the  harbor  where  they  were  used.  Under  more  favor- 
able conditions  in  this  respect  the  towing  charge  would  be  much  re- 
duced.    Moreover,  as  the  caissons  were  to  be  towed  from  one  harbor 
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to  another  in  the  open  lake  the  temporary  decks  employed  were  more 
numerous,  and  the  expense  of  placing  the  decks  (calking,  etc.)  was 
greater  than  would  have  been  the  case  if  a  deck  had  been  needed 
when  launching  only.  In  the  case  of  larger  caissons  the  timber 
bottoms,  per  cubic  yard  of  concrete,  would  also  be  much  reduced, 
and  it  is  proposed  hereafter  to  omit  the  guide  timbers  at  the  ends 
of  the  caissons. 

Third,  the  total  volume  of  the  Algoma  work  was  small,  but 
51 1.7  lineal  feet  of  breakwater,  containing  1,045  cubic  yards  of  rein- 
forced concrete,  having  been  constructed,  although  22  caissons,  con- 
taining 900.62  cubic  yards,  were  built  for  Manitowoc  harbor  during 
the  same  season  and  with  the  same  ways  and  plant,  thus  reducing  the 
charges  for  these  items.  The  Algoma  caissons,  and  the  Manitowoc 
caissons  as  well,  were  small  compared  with  others  projected.  The 
walls  and  bottoms  were  relatively  thin,  and  for  a  given  expenditure 
they  did  not  run  rapidly  into  "yardage."  It  is  probable  that  larger 
caissons,  employed  to  build  more  considerable  lengths  of  breakwater, 
would  cost  considerably  less  per  cubic  yard  for  plant,  forms,  ways 
and  labor. 

Fourth,  in  the  case  of  the  Algoma  caissons  248  pounds  of  steel 
per  cubic  yard  of  concrete  was  employed.  Careful  study  has  shown 
that  in  the  case  of  the  larger  caissons  with  cross-walls  suitably  spaced 
the  steel  can  be  safely  reduced  by  a  considerable  amount. 

All  of  these  considerations  lead  one  to  believe  that,  where  the 
amount  of  work  is  sufficiently  large,  the  cost  of  the  reinforced  con- 
crete of  the  caissons  in  place  in  the  finished  work  may  be  estimated 
under  conditions  now  obtaining  in  this  vicinity  at  about  $16  per 
cubic  yard,  inclusive  of  all  materials,  labor,  plant  and  contractor's 
profit.  But  it  is  doubtful  whether  contractors  will  take  their  first 
work  of  this  character,  on  account  of  its  novelty,  at  figures  quite  so 
low. 

Five  of  the  Algoma  caissons  were  filled  in  experimental  ways  for 
the  sake  of  securing  information.  The  16th  and  17th  caissons  from 
the  northerly  end  were  filled  with  sand  to  within  four  feet  of  the 
top,  and  the  upper  four  feet  with  1:5:10  concrete  which  was  sup- 
ported by  posts  extending  through  the  sand  to  the  bottoms  of  the 
caissons.  The  18th  caisson  was  filled  with  sand  to  within  two  feet 
of  the  top,  and  the  upper  two  feet  with  1 :3  15  concrete.  No  sup- 
porting posts  were  used  in  this  caisson.  In  the  19th  caisson  sand 
was  used  for  filling  to  within  two  feet  of  the  top,  the  upper  two  feet 
being  filled  with  1  :3 15  concrete,  which  was  supported  by  posts. 
The  20th  caisson  was  filled  with  riprap  stone  to  within  one  foot  of  the 
top,  and  the  upper  foot  filled  with  1 :3 15  concrete  supported  by 
posts. 

The  first  caisson  for  Algoma  was  molded  on  June  I,  1908,  and  the 
last  on  August  24,  1908. 

With  the  same  plant,  at  Kewaunee  harbor,  the  construction  was 
immediately  begun  of  a  number  of  caissons  required  for  use  at  Mani- 
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towoc  harbor,  Wis.,  29  miles  distant.  By  this  time  the  force  was  so 
well  organized  that  it  was  found  desirable  to  build  one  caisson  every 
other  day.  To  secure  working  space,  caissons  four  days  old  were 
moved  part  way  down  the  ways  without  difficulty.  The  Manito- 
woc caissons  are  24  feet  long,  14  feet  wide  and  11  feet  4  inches  high. 
The  bottoms  are  18  inches  thick  (including  4  inches  of  timber). 
The  walls  are  10  inches  thick  and  the  cross-wall  8  inches  thick.  22 
caissons  were  built  for  Manitowoc,  of  which  one  was  of  "special" 
shape.  Eleven  of  these  caissons  were  towed  to  Manitowoc  and 
parked  for  the  winter  in  the  river ;  the  rest  were  stored  at  Kewaunee. 
Two  special  caissons  still  remain  to  be  built  for  the  Manitowoc 
work,  which  will  include  about  580  lineal  feet  of  concrete  caisson 


View  3. 
Reinforced  Concrete  Caissons  under  construction — rear  view. 

breakwater,  completing  the  projected  harbor  there.  Next  spring  the 
Manitowoc  caissons  will  be  sunk  on  a  riprap  foundation  and  filled 
with  lean  concrete.  Eventually  they  will  receive  a  concrete  super- 
structure, but  not  before  they  have  stopped  settling.  The  Manito- 
woc caissons  are  illustrated  on  Plates  VIII  and  IX. 

A  contract  has  recently  been  let  for  the  reconstruction  of  the 
south  pier  at  Milwaukee  harbor.  The  outer  216  lineal  feet  of  this 
work  will  consist  of  four  caissons,  each  54  feet  long  and  18  feet  wide. 
The  bottoms  will  be  21  inches  thick,  including  3  inches  of  planking. 
The  side  and  end  walls  will  be  14  inches  and  the  two  cross-walls 
each  12  inches  thick.     These  caissons  will  weigh  352  tons  each.     The 
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next  360  feet  of  pier  will  consist  of  10  caissons,  each  36  feet  long  and 
15  feet  wide.  The  bottoms  will  be  19  inches  thick,  including  3 
inches  of  planking.  The  side  and  end  walls  will  be  12  inches  and 
the  two  cross-walls  each  10  inches  thick.  These  caissons  will  weigh 
175  tons  each. 

The  Milwaukee  caissons  will  be  built  on  and  launched  from  ways 
located  at  Milwaukee  belonging  to  the  United  States.  They  will 
be  sunk  on  pile  foundation,  as  dredging  must  be  done  close  up  to 
them.  The  United  States  will  furnish  the  piles  and  the  reinforcing 
rods.  The  contract  prices  are  $7.50  each  for  driving  and  cutting  off 
the  piles;  $15.50  per  cubic  yard  for  reinforced  concrete  in  place; 
$1.45  per  ton  for  rilling  stone  and  riprap;  and  $6.00  per  cubic  yard 
for  lean  concrete  filling. 


View  4. 
Reinforced  Concrete  Caissons  under  construction,  and  ready  to  be  launched. 

The  designs  of  the  Milwaukee  caissons  are  shown  on  Plates  X  to 
XII,  inclusive. 

The  caissons  thus  far  described  have  had  vertical  walls  of  uniform 
thickness  from  top  to  bottom,  except  that  the  walls  of  the  Milwaukee 
caissons  are  to  be  thickened  somewhat  at  the  top,  the  better  to  hold 
the  steel  needed  for  longitudinal  stiffness,  and  to  avoid  weakening 
the  caissons  at  the  top  where  timber  is  ordinarily  let  into  the  con- 
crete for  the  purpose  of  holding  the  decks. 

It  is  obvious  that  caissons  with  walls  inclined  inward  from  bottom 
to  top  would  better  resist  wave  action.     Per  cubic  yard  of  contents 
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they  would  possess  greater  moments  of  stability  against  overturning 
and  at  the  same  time  the  overturning  moment  due  to  wave  action 
would  be  lessened,  inasmuch  as  the  wave  pressure  would  act  nor- 
mally to  the  inclined  front  surface,  and  thus  have  a  reduced  lever 
arm. 

It  is  also  obvious  that,  as  the  walls  are  ordinarily  subjected  to  the 
greatest  pressure  at  points  near  the  bottom,  they  may  to  advantage 
be  made  thicker  near  their  bases. 

To  meet  typical  conditions  in  breakwater  construction  and  the  like 
a  number  of  caissons  have  been  designed  and  it  is  now  proposed 
briefly  to  describe  them. 

Plates  XIII  and  XIV,  show  a  breakwater  designed  for  an  ex- 
posed location  in  Lake  Michigan,  where  the  water  is  34  feet  deep. 
With  stone  at  $1.40  per  ton,  timber  at  $40  per  M.  ft.  B.  M.,  reinforced 
concrete  at  $16.00  per  cubic  yard,  lean  concrete  at  $5.00  per  cubic 
yard,  and  superstructure  at  $9.00  per  cubic  yard,  the  cost  per  lineal 
foot  of  this  breakwater  would  be  $203.10  as  against  a  cost  of  $206.20 
per  lineal  foot  for  a  breakwater  of  the  ordinary  type,  wooden  cribs, 
30  feet  wide,  stone  rilled,  on  riprap  foundation,  with  timber  super- 
structure, taking  timber  at  $40.00,  iron  at  5  cents  per  pound  and  stone 
at  $1.40  per  ton,  all  unit  prices  covering  materials  in  completed  work. 

To  carry  the  comparison  further,  it  may  be  said  that  in  from  12 
to  15  years  the  wooden  cribs  would  require  a  new  superstructure, 
which  if  built  of  concrete,  in  accordance  with  the  usual  practice, 
would  cost  from  $70  to  $100  per  lineal  foot. 

The  efficiency  of  the  caissons  to  resist  overturning  by  wave  action 
would  be  about  1.2,  if  1  be  taken  to  represent  the  corresponding 
efficiency  of  the  wooden  cribs. 

Plates  XV  and  XVI,  represent  a  caisson  designed  as  the  top  of  an 
.enrockment  breakwater  in  an  exposed  location  in  42  feet  of  water. 

The  cost  of  such  a  breakwater,  at  unit  prices  similar  to  those  above 
mentioned,  would  be  $273.42  per  lineal  foot,  as  compared  with  a 
cost  per  lineal  foot  of  $261.75  for  a  30- ft.  wide  wooden  crib  break- 
water. But  again  the  top  of  the  wooden  crib  would  be  temporary, 
and  the  efficiency  of  the  concrete  caissons  to  resist  overturning 
would  be  1.7  times  the  efficiency  of  the  wooden  cribs.  In  this  con- 
nection the  recent  partial  failure  of  the  30- ft.  wooden  crib  breakwater 
at  Michigan  City,  Ind.,  is  deserving  of  consideration.  The  depth 
of  water  at  the  outer  end  was  about  30  feet,  and  the  breakwater  was 
exposed  to  waves  with  a  fetch  corresponding  to  the  greatest  dimen- 
sion of  Lake  Michigan.  It  is  understood  that  the  outermost  crib 
was  overturned  toward  the  harbor  side  in  a  recent  storm. 

Plates  XVII  and  XVIII,  represent  a  caisson  designed  to  surmount 
an  enrockment  and  form  a  breakwater  in  an  exposed  location  in  48 
feet  depth  of  water.  The  breakwater  complete  would  cost  $335.03 
per  lineal  foot,  and  its  efficiency  to  resist  overturning  would  be  nearly 
twice  that  of  a  stone  rilled  30-ft.  wooden  crib  breakwater. 

The  three  sloping  wall  caissons  last  described  have  been  carefully 
studied.     If  the  enrockment  were  so  uneven  as  to  support  a  caisson 
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under  its  middle,  or  under  its  two  ends  only,  no  harm  would  result. 
Specifications  have  been  worked  out  for  building  a  breakwater  of 
either  of  these  caissons,  on  stone  foundation,  but  space  is  lacking  to 
discuss  at  this  time  the  proposed  details  of  the  work. 

Plate  XIX  illustrates  a  caisson  designed  to  surmount  an  enrock-- 
ment  and  form  a  breakwater  in  an  exposed  location  in  salt  water 
and  on  a  soft  foundation.  Concrete  is  employed  as  a  filling  with  a 
view  not  only  to  its  weight,  but  in  order  to  reinforce  the  parts  ol 
the  caisson  that  are  to  be  most  exposed  to  the  action  of  sea  water. 
With  reinforced  concrete  at  $17  per  cubic  yard,  filling  concrete  at  $6, 
superstructure  concrete  at  $9,  enrockment  at  $1.40  per  ton,  and  re- 
inforced concrete  slabs  and  columns  at  $11  per  cubic  yard,  this  break- 
water, in  50  feet  depth  of  water,  would  cost  $611.22  per  lineal  foot. 
Voids  are  left  in  the  interior  of  the  caisson  to  reduce  the  weight  on 
the  foundation.  Assuming  that,  due  to  arching  effect  in  the  enrock- 
ment, the  weight  is  so  spread  upon  the  bottom  as  to  be  uniform  for 
a  width  of  44  feet  on  each  side  of  a  vertical  plane  bisecting  the 
caisson  longitudinally  with  the  breakwater,  then  the  weight  on  the 
bottom  will  be  3,034  pounds  per  square  foot.  The  berms  in  the 
case  of  this  enrockment  are  protected  on  the  sea  side  by  reinforced 
concrete  slabs  each  weighing  15  tons. 

Figures  1  and  2,  Plate  XX,  illustrate  a  possible  use  of  caissons, 
one  on  top  of  a  second,  for  the  construction  of  a  breakwater  in  deep 
water  on  a  soft  bottom  where  it  is  necessary  to  reduce  the  weight 
to  a  minimum.  The  lower  caisson,  at  unit  prices  last  mentioned, 
would  cost  $345.78  per  lineal  foot  of  breakwater,  and  the  upper 
caisson  with  filling  and  superstructure  would  cost  $250.98  per  lineal 
foot,  making  the  total  cost  of  the  breakwater  $596.76  per  lineal 
foot.  The  weight  per  square  foot  brought  upon  the  bottom  by  such 
a  combination  of  caissons  as  is  last  described  would  be  1866  pounds. 

Another  suggestion  for  a  breakwater  in  salt  water,  where  piles  are 
required  by  reason  of  the  poor  foundation  available,  and  where, 
unless  they  were  protected,  the  pile  heads  might  be  destroyed  by  the 
teredo,  is  shown  in  Fig.  3,  Plate  XX.  This  caisson  would  be  pro- 
vided with  large  pipes,  or  wells,  through  which,  after  the  caisson 
is  sunk  in  place,  concrete  would  be  forced  down  among  the  pile  tops. 
The  space  into  which  the  concrete  would  be  forced  could  be  shut  in 
on  the  sides  by  dumping  dredged  material  close  beside  the  caisson. 

In  some  localities  small  stone  is  cheap  but  large  blocks  of  stone 
are  not  to  be  had.  In  such  cases  small  caissons  may  be  used  to 
cover  the  top  of  an  enrockment,  the  side  slopes  being  protected  by 
reinforced  concrete  slabs.  Such  a  breakwater  is  illustrated  on  Plate 
XXI.  It  would  cost,  if  the  caissons  were  filled  with  lean  concrete, 
about  $70.  per  lineal  foot,  at  prices  now  prevailing  on  Lake  Michigan. 
Even  where  large  stone  is  available  for  the  top  course  of  an  enrock- 
ment, the  difficulties  are  well  known  of  laying  the  large  stone  so  that 
subsequent  settlement  and  wave  action  will  not  cause  serious  dis- 
arrangement.   The  solid  concrete  top  afforded  by  the  caisson  method 
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and  the  protection  of  the  slopes  with  reinforced  concrete  slabs  would 
promise  greater  permanency  than  any  simple  enrockment.  After 
settlement  a  suitable  superstructure  could  be  provided,  although  in 
the  general  case  one  would  probably  be  unnecessary. 

Plates  XXII  and  XXIII  illustrate  studies  for  breakwater  caissons 
in  which  extra  freeboard  has  been  provided  as  a  precaution  against 
settlement,  and  at  the  same  time  to  insure  easy  construction  of  the 
superstructure  by  making  the  upper  part  of  the  caisson  a  part  thereof. 
The  use  of  such  caissons  would  diminish  risks  that  may  be  encoun- 
tered after  the  caissons  are  in  place  but  before  they  are  filled,  and 
would  diminish  the  cost  of  the  superstructure.  These  advantages 
would  sometimes  be  offset  by  the  greater  cost  of  the  caissons. 

The  use  of  caissons  somewhat  similar  to  those  heretofore  described 
readily  suggests  itself  for  the  construction  of  dock  fronts  or  revet- 
ments, without  the  expense  of  coffer-damming. 

A  design  for  such  a  dock  front  is  shown  on  Plate  XXIV.  It  will  be 
observed  that  the  front  and  back  walls  of  the  caisson  forming  this  re- 
vetment slope  backward  from  the  bottom  up.  If  this  shape  be  given 
to  the  caissons  it  is  still  practicable,  with  or  without  ballast,  to  insure 
that  in  floating  the  top  and  bottom  shall  be  substantially  in  horizontal 
planes.  The  result  of  inclining  the  walls  backward  is  to  remove  the 
center  of  gravity  to  the  rear,  thus  removing  the  center  of  pressure 
back  from  the  toe  of  the  revetment  and  adding  to  stability.  At  the 
same  time,  as  the  rear  surface  of  the  revetment  is  inclined  from  the 
vertical  and  approaches  the  angle  of  repose  of  the  material  to  be  re- 
tained, the  pressure  on  the  revetment  is  decreased. 

It  is  believed  that,  under  most  conditions  that  obtain,  permanent 
dock  fronts  or  revetments  of  a  given  efficiency  can  be  built  more 
cheaply  as  above  described  than  in  any  other  manner. 

For  purposes  of  comparison,  it  may  be  said  that  the  Sanitary 
District  of  Chicago  recently  constructed  in  Chicago  river  782  lineal 
feet  of  concrete  clock  front  at  $144.26  per  lineal  foot,  not  including 
dredging  nor  back-fill.  The  revetment  was  supported  on  piles,  and 
a  coffer-dam  was  of  course  required  for  its  construction.  Employing 
slightly  inclined  caissons,  like  that  shown  on  Plate  XXIV,  thus  ob- 
viating the  use  of  coffer-dams  and  economizing  on  concrete,  an 
equally  stable,  durable  and  sightly  dock  front  could  be  constructed 
for  less  than  $90.00  per  lineal  foot. 

Reinforced  concrete  caissons  are  especially  adapted  for  use  as 
light  house  foundations.  Plate  XXV,  illustrates  a  caisson  60-ft. 
by  60-ft.  in  plan  and  24  feet  high,  which  might  be  constructed  in  a 
"mud"  dock  at  any  convenient  place,  temporarily  decked,  towed  into 
position,  sunk  and  filled  with  lean  concrete.  It  could  readily  be  used 
on  any  suitable  natural  bottom  or  prepared  foundation.  Its  stiffness 
would  be  such  as  to  make  it  safe  regardless  of  inequalities  beneath. 
If  it  were  capped  with  a  solid  block  of  concrete  of  great  weight  the 
latter  should  be  reinforced  top  and  bottom,  both  ways,  so  as  to  con- 
stitute a  thick  slab,  thus  preventing  it  from  imposing  any  unneces- 
sary function  upon  the  filled  caisson  below. 
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A  fair  estimate  of  cost  of  such  a  caisson,  with  its  filling,  but  not 
including  superstructure  nor  foundation,  is  as  follows : 

Reinforced  concrete,  887  cubic  yards,  at  $25 .$22,175.00 

Timber,  19,332  ft.  B.  M.,  at  $50.  per  M 966.60 

Filling,  2,280  cubic  yards  lean  concrete  at  $5 11,400.00 

Total  cost . $34,541.60 

The  high  unit  price  of  reinforced  concrete  was  taken  so  as  to  in- 
clude in  the  cost  of  the  concrete  the  mud  dock  and  the  towing  to 
destination.  It  is  suggested  that  the  lean  concrete  might  be  mixed 
dry,  stored  in  the  hold  of  a  vessel  and  taken  out  to  the  site  therein, 
deposited  in  the  pockets  of  the  caisson  with  a  clam-shell  bucket; 
and  furnished  with  water  through  suitable  holes  opened  at  the  proper 
time  in  the  caisson  walls. 

The  estimated  cost  of  this  caisson,  $34,541.60,  may  be  compared, 
making  proper  allowances,  with  the  actual  cost  of  the  wooden  stone- 
filled  crib,  capped  with  concrete  blocks,  which  forms  the  base  of  the 
White  Shoal  light-house,  now  under  construction  in  Lake  Michigan. 
The  latter  structure  is  72  feet  square  in  plan,  22  feet  6  inches  high 
and  cost  approximately  $40,199.27. 

Plate  XXVI,  illustrates  a  small  pier  which  will  soon  be  constructed 
at  Bank  Point,  Muskegon  harbor,  Mich.  The  caisson,  14  feet  square 
in  plan,  will  be  placed  on  piles,  filled  and  capped  with  concrete  and 
surmounted  by  a  concrete-steel  post  bearing  an  acetylene  lamp.  The 
latter  will  be  supplied  with  gas  from  tanks  for  which  recesses  will  be 
left  in  top  of  the  pier. 

In  several  of  the  plates  last  mentioned,  no  attempt  has  been  made 
to  show  the  distribution  of  the  steel.  It  could  easily  be  propor- 
tioned in  accordance  with  the  methods  herein  described. 

The  use  of  reinforced  concrete  caissons  for  breakwaters,  bulk- 
heads and  the  like  appears  to  be  undergoing  development  simultane- 
ously in  Europe  and  in  America.  Press  reports  state  that  at  Kobe, 
in  Japan,  caissons  are  to  be  built  120  feet  long,  26  feet  wide  and 
varying  from  32  to  41  feet  high,  to  form  the  quay  walls  of  a  new 
harbor.  It  is  proposed  to  build  these  caissons  on  timber  stagings, 
from  which  they  will  be  lifted  Ly  a  special  depositing  dock,  taken  into 
deep  water,  allowed  to  float  off  the  dock  by  sinking  the  latter,  and 
then  towed  to  their  destination. 

Similar  but  smaller  caissons  are  being  employed  at  the  port  of 
Barcelona.  These  caissons  are  put  afloat,  it  is  understood,  by  means 
of  a  depositing  dock  similar  to  that  mentioned  above.  In  some  cases, 
probably  in  most  cases  in  which  caissons  have  recently  been  used 
abroad,  they  have  been  built  in  dry  docks. 

In  recent  technical  publications  there  have  been  brief  accounts 
of  the  employment  of  reinforced  concrete  caissons  for  docks  at  Am- 
sterdam, and  for  a  breakwater  at  Touapse.  The  published  Pro- 
ceedings of  the  International  Congress  of  Navigation,  held  at  St. 
Petersburg,  1908,  contain  most  of  the  information  that  is  now  avail- 
able in  America  on  this  subject. 
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Briefly  speaking,  the  many  advantages  afforded  by  the  use  of  re- 
inforced concrete  caissons  include  economy,  both  initial  and  ultimate, 
durability  and  sightliness. 

The  great  stiffness  and  substantial  character  of  the  caissons  render 
it  practicable  to  tow  them  long  distances  independent  of  conditions  of 
the  sea.  Many  risks,  incident  to  the  use  of  other  caissons  or  wooden 
cribs,  are  eliminated. 

When  over  their  foundation,  if  desired,  the  caissons  may  be  quickly 
filled  with  water  by  using  a  sufficient  number  of  syphons,  or  by  means 
of  valves,  and  with  this  contained  water  the  caisson  becomes  at 
once  safe  against  moderate  seas.  When  sunk,  the  tops  of  the  cais- 
sons project  above  the  water  surface  and  the  walls  form  coffer-dams 
so  that  the  chambers  may  be  successively  unwatered  and  the  filling 
put  in  dry  if  desired. 

When  a  timber  crib  is  capped  with  a  concrete  superstructure,  it  is 
necessary  to  employ  blocks  to  build  up  from  a  plane  say  2  feet  below 
the  water  surface  to  a  plane  say  2  feet  above  the  latter.  It  is  difficult 
to  provide  a  bond  between  the  blocks  and  the  timber,  so  that  the 
monolithic  concrete  placed  on  the  blocks  must  be  massive,  with  a 
view  to  holding  down  the  blocks  by  weight  alone.  In  the  caissons, 
the  upper  parts  thereof  correspond  to  the  blocks,  and  are  of  course 
solidly  bound  to  the  structure  beneath.  Hence  a  much  less  massive 
superstructure  is  required. 

During  construction  the  plant  may  be  centralized.  After  a  cais- 
son is  built,  gravity  carries  it  down  the  ways  and  makes  clear  the 
working  place.  The  construction  of  a  piece  of  work  employing  a 
considerable  number  of  similar  caissons  lends  itself  to  organization 
and  consequent  economies  that  ordinarily  result  only  from  the  favor- 
able conditions  under  which  factory  work  is  prosecuted. 

The  cost  of  timber  is  rapidly  appreciating,  and  the  time  when  tem- 
porary structures  were  good  enough  is  passing.  There  is  probably 
much  to  be  learned  about  reinforced  concrete  caissons,  and  much  edu- 
cational work  to  be  done  among  contractors,  but  apparently  in  no 
field  will  reinforced  concrete  make  greater  strides  in  the  immediate 
future  than  in  such  works  as  breakwaters,  piers,  dock-fronts,  revet- 
ments, bridge  piers  and  similar  structures  where  reinforced  concrete 
caissons  may  be  employed. 


APPENDIX  I. 

DIAGRAMS    FOR    REINFORCED    CONCRETE    BEAMS    HAVING 
EQUAL    REINFORCEMENT    TOP    AND    BOTTOM. 

By  Howard  A.  Hoeing,  U.  S.  Inspector. 


The  curves  given  are  based  on  beams  having  the  reinforcing  steel 
in  both  top  and  bottom  of  beams ;  top  steel  and  concrete  in  com- 
pression ;  bottom  steel  in  tension ;  no  tension  in  concrete ;  steel  on 
both  sides  having  same  cross-section  area  and  imbedded  2  inches 
from  center  of  gravity  of  steel  to  surface  of  concrete. 
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The  curves  are  plotted  from  the  following  formulae  taken  from 
"Proceedings  of  the  American  Society  of  Civil  Engineers,"  Feb., 
1909: 

k  =  S  2  n(p  X  p'  -^)  X  n2  (p  -|-  p?  -  n  (p  +  p«). 
y3k3d  +  2p'n  d'(k— j) 

■7  " — ; , 

k2  +  2p'n(k-^) 

j  d=^d — z. 
M 


pjbd2 


in  which  k=ratio  of  depth  of  neutral  axis  to  effective  depth,  d. 
Es        Modulus  of  elasticity  of  steel 
n= — 

Ec        Modulus  of  elasticity  of  concrete. 
p=steel  ratio  for  tension  steel 
p'=steel  ratio  for  compression  steel 
d=depth  to  center  of  tension  steel 
d'=depth  to  center  of  compression  steel 
b=breadth  of  beam 

z— depth  of  resultant  compression  below  top 
j=ratio  of  lever  arm  of  resisting  couple  to  depth  d 
fs=unit  tensile  stress  in  steel 
M=moment  of  resistance 

In  the  above  the  values  of  n,  fs  and  b  are  constant,  p=p' 

To  obtain  the  curves,  successive  values  of  p  were  assumed  and  the 
corresponding  values  of  M  in  inch-pounds  per  inch  width  of  beam 
were  derived  from  the  above  formulae,  the  values  of  p  being  plotted 
for  abscissas  and  the  values  of  M  for  ordinates. 

As  a  special  application  for  the  design  of  caissons  the  bending 
moments  for  beams  of  different  loads  and  spans  figured  from  heads 
of  water  are  also  plotted.  The  abscissas  reading  from  right  to  left 
representing  heads  of  water  in  feet ;  the  ordinates,  the  bending  mo- 
ments on  the  same  scale  as  the  resisting  moments  of  the  beam 
diagram. 

Plate  T  is  based  on  unit  tensile  stresses  in  the  steel  of  10,000  and  20- 
000  pounds,  the  resisting  moments  corresponding  to  10,000  lbs. 

tensile  stress  being  the  ordinates  at  left  of  the  diagram,  those  cor- 
responding to  20,000  lbs.  tensile  stress,  those  at  right.     Modulus 
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of  elasticity  of  concrete  taken  at  3,000,000.  Modulus  of  elastic- 
ity of  steel  taken  at  30,000,000.  For  10,000  lbs.  stress  in  steel 
use  upper  row  of  depth  of  water,  for  20,000  lbs.  use  lower  row. 
Plate  II  is  based  on  a  unit  tensile  stress  in  the  steel  of  18,000  lbs. 
and  a  modulus  of  elasticity  of  concrete  of  1,250,000,  the  values  of 
p  and  M  being  plotted  same  as  in  Plate  I. 

To  apply  the  diagrams  find  the  ordinate  representing  the  head  of 
water  required,  then  find  the  intersection  of  this  ordinate  with  the 
line  representing  the  required  span  of  beam,  which  gives  the  bend- 
ing moment  or  resisting  moment  of  the  beam,  read  on  the  vertical 
scale  at  the  left  or  right.  Follow  the  horizontal  line  just  found  to 
the  right  or  left  until  it  intersects  the  curve  of  the  beam  having  the 
depth  desired  and  read  value  of  p  on  horizontal  scale.  Or  the  bend- 
ing moment  may  be  computed  for  any  load  and  value  of  p  found 
direct. 

The  value  of  p  having  been  found,  assume  the  area  of  the  rein- 
assumed  area  of  bar 
forcing  bar  desired,  then =area  of  concrete 

P 
Area  of  concrete 

above  steel  in  tension.     =spacing  of 

Depth  of  beam  in  inches — 2 

steel  in  inches. 

Example:  Given  a  beam  16  in.  in  depth,  span  20  ft.  load  on  beam 
equal  to  hydrostatic  pressure  of  8  ft.,  unit  tensile  stress  in  steel= 
10,000  lb.  From  Plate  I,  for  8  ft.  depth  and  20  ft.  span,.  M=25,- 
000  inch-pounds,  value  of  p  corresponding  to  25,000  inch-pounds 
on  16  in.  beam  is  0.0146. 

1.56 

Assume  area  of  bar=i.56  square  inches,  then =106.84. 

0.0146 

106.84 

=7-63  inches  c.  to  c.  spacing  of  steel. 

16 — 2 

To  apply  a  diagram  using  a  unit  stress  in  steel  other  than  that  for 
which  diagram  is  plotted,  multiply  the  bending  moment  by  ratio  be- 
tween unit  stress  of  diagram  and  assumed  unit  stress ;  the  product 
will  be  the  resisting  moment  of  the  beam  under  assumed  unit  stress 
in  steel.     Then  proceed  as  before. 


APPENDIX  II. 

DESCRIPTION  OF  TESTS  OF  REINFORCED  CONCRETE  BEAMS. 

By  Mr.  J.  A.  B.  Tompkins,  U.  S.  Asst.  Engineer. 
Mem.  Am.  Soc.  C.  E. 


The  beams  tested  were  representative  of  sections  from  the  side 
walls  of  reinforced  concrete  caissons  designed  in  this  office. 
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As  it  is  proposed  to  launch  caissons  ten  days  after  molding  and  as 
caisson  walls  are  then  subjected  to  their  maximum  loads,  all  beams 
were  tested  at  the  age  of  ten  days. 

The  concrete  for  all  beams  consisted  of  one  part  cement,  two 
parts  stone-crusher  sand  or  stone  dust,  and  four  parts  broken  stone, 
proportioned  by  volume  without  compacting,  one  bag  of  cement  be- 
ing taken  as  equivalent  to  one  cubic  foot.  The  concrete  was  a  wet 
mixture  of  about  the  same  consistency  as  the  concrete  used  in  mould- 
ing caissons. 

Two  brands  of  cement  were  used,  beams  being  designated  A  or  U 
in  the  accompanying  table,  according  to  the  cement  employed  in  their 
manufacture.  The  cement  was  purchased  in  the  open  market.  Bri- 
quettes made  from  the  cement  developed  tensile  strength  at  the  age 
of  seven  days,  as  follows : 

Neat  A  cement 833  lbs.  per  sq.  in. 

Neat  U  cement 709  lbs.  per  sq.  in. 

1  part  A  cement,  3  parts  sand 204  lbs.  per  sq.  in. 

1  part  U  cement,  3  parts  sand 168  lbs.  per  sq.  in. 

1  part  A  cement,  2  parts  stone  dust 429  lbs.  per  sq.  in. 

1  part  U  cement,  2  parts  stone  dust 379  lbs.  per  sq.  in. 

The  stone  dust  and  broken  stone  were  of  crushed  limestone,  of 
the  size  used  in  building  caissons  at  Kewaunee,  Wis.,  and  of  the 
same  character,  except  as  to  size,  that  has  generally  been  employed. 
The  stone  dust  consisted  of  the  finer  particles  of  such  size  that  all 
would  pass  through  a  %. -in  screen.  The  broken  stone  was  of  such 
size  that  all  would  pass  through  a  ^-inch  screen  and  be  retained 
upon  a  34_mcn  screen. 

Each  beam  was  reinforced  top  and  bottom  by  four  steel  bars  of 
equal  cross-section,  symmetrically  arranged  and  at  a  distance  of  two 
inches  from  surface  of  beam  to  center  of  bar.  Both  deformed  and 
plain  bars  were  used  for  reinforcement.  The  plain  bars  were  of 
ordinary  medium  steel,  purchased  in  the  open  market.  Two  styles 
of  deformed  bars  were  used,  designated  J  and  R  in  the  accompany- 
ing table.  The  J  bars  were  corrugated ;  the  R  bars  were  twisted. 
All  deformed  bars  were  intended  to  have  been  of  high  carbon  steel, 
but  owing  to  some  oversight  the  bars  in  beams  3A  and  3U  were  of 
soft  steel  of  inferior  quality.  Two  other  beams  of  the  same  size, 
designated  4A  and  4U  were  then  molded  in  which  high  carbon  steel 
was  used.  All  bars  were  laid  straight,  without  turning  up  the  ends. 
The  bars  in  all  cases  were  of  the  same  length  as  the  beams,  so  that 
the  ends  of  the  bars  were  visible  in  the  ends  of  the  beams. 

The  beams  were  molded  in  a  building  where  a  fire  was  maintained 
day  and  night,  and  were  kept  in  the  building  until  tested.  Beams  iA 
and  iU  gave  rather  low  results  in  diagonal  tension,  and  the  concrete 
was  found  to  be  of  poor  quality.  As  the  concrete  for  these  beams 
was  mixed  with  water  but  little  above  the  freezing  point,  two  addi- 
tional beams,  designated  2A  and  2U  in  table,  of  the  same  size  and 
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TABLE.— TESTS  OE  BEAMS  REINFORCED  AGAINST  TENSION  AND  COMPRESSION. 
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with  the  same  reinforcement  as  iA  and  iU  were  molded,  using  water 
at  a  temperature  of  130  deg.  Fahr. 

When  ready  for  testing,  a  beam  was  placed  on  timber  abutments 
and  loaded  to  destruction  by  piling  pig  iron  on  four  platforms  sus- 
pended from  the  beam.  The  platforms  were  hung  from  eight  4 
in.  by  6  in.  timbers  spaced  equidistant  along  the  top  of  the  beam,  by 
^-in.  round  rods,  spaced  two  feet  apart  transversely  to  the  beam, 
there  being  two  timbers  and  four  hangers  to  each  platform.  By  this 
method  the  beam  was  loaded  approximately  equally  at  eight  points. 
Considering  applied  loads  only,  the  resulting  bending  moment  is 
therefore  1  1/9  times  the  moment  of  the  same  load  uniformly  dis- 
tributed. 

The  loads  were  applied  in  increments  of  about  1,000  lbs.,  care 
being  taken  that  successive  increments  were  reasonably  uniformly 
distributed  over  the  platforms,  both  longitudinally  and  trans- 
versely to  the  beam.  Deflections  at  the  middle  of  the  span  under 
successive  load  increments  were  observed.  The  deflections  were 
obtained  by  means  of  a  No.  36  bright  steel  wire  stretched  at 
constant  tension  between  points  at  each  end  of  the  beam,  and  approxi- 
mately along  the  middle  of  the  depth  of  the  beam.  This  wire  passed 
in  front  of  a  paper  scale  attached  to  the  side  of  the  beam  at  the  middle 
of  the  span.  The  scale  was  pasted  to  a  mirror,  and  by  reading  the 
intersection  of  wire  and  scale  when  the  wire  and  its  reflection  were 
coincident,  errors  due  to  parallax  were  practically  avoided.  The 
mirror  was  secured  to  a  piece  of  pine  board  which  was  nailed  to  the 
beam.  By  this  apparatus  deflections  of  0.01  inch  were  readily  ob- 
served. 

The  accompanying  table  summarizes  the  results  of  the  test.  In 
the  column  of  "Applied  Loads,"  the  loads  actually  placed  on  plat- 
forms, plus  the  weight  of  platforms,  hangers,  etc.,  are  stated.  The 
column  of  "Load  Considered,"  is  the  sum  of  the  applied  loads,  and 
the  weight  of  the  beam.  The  latter  weight  was  computed,  estimat- 
ing concrete  to  weigh  146  lbs.  per  cubic  foot.  The  column  headed 
"Equivalent  Uniform  Load,"  is  derived  from  the  bending  moment 
and  includes  the  weight  of  beam,  as  in  a  caisson  the  weight  of  the 
side  walls  is  zero  so  far  as  the  bending  moment  is  concerned.  The 
quantities  given  in  column  headed  "Strength  per  sq.  inch,"  are  from 
actual  tests  of  the  materials  employed  in  making  the  beams ;  in  the 
case  of  the  concrete,  the  quantity  opposite  each  bean>  is  the  average 
obtained  from  crushing  three  6-inch  cubes  10  days  old,  made  from 
the  same  batch  as  the  corresponding  beam.  The  quantities  given 
in  columns  headed  "Calculated  Stresses  per  sq.  in.,"  were  obtained 
by  means  of  the  following  formulae  given  in  Proceedings  of  Am. 
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Soc.  C.  E.  February,  1909,  page  117  (Certain  typographic  errors 
are  corrected  below). 

k  =S  2  n   (p  +  p'-^)  +  nMp  +  p')2  -  n  (p  +  p). 

%  k»d  +  2p'ndYk— ~) 
z  = ^ / 

i—        z   =  afproximately  — 

J         d  d 

f 6M 

M  ,    1— k 

fs-plbT2=nfe-k- 

d" 
k— -p 

f  's=  nfc 


k 
V 


v  = 


u  = 


b    j    d 

V 

j  d  So' 


In  which : 

fs=rtensile  unit  stress  in  steel, 
f  s=compressive  unit  stress  in  steel. 
fc=compressive  unit  stress  in  concrete. 
Es         modulus  of  elasticity  of  steel 
n— — 

Ec         modulus  of  elasticity  of  concrete 
M=moment  of  resistance  or  bending  moment  in  general. 
b=:breadth  of  beam. 

d=depth  of  beam  to  center  of  tension  steel. 
d'=depth  of  beam  to  center  of  compression  steel. 
k=ratio  of  depth  of  neutral  axis  to  effective  depth,  d. 
z=depth  of  resultant  of  compressive  stresses  below  top  of  beam. 
j=ratio  of  lever  arm  of  resisting  couple  to  depth,  d;  or,  approxi- 
d— d' 

tnately  j= 

d 
p=ratio  of  tension  steel  (not  percentage). 
p'=ratio  of  compression  steel  (not  percentage). 
V=total  shear. 
v=shearing  unit  stress. 
tz=  diagonal  tension  unit  stress. 
u=bond  stress  per  unit  area  of  bar. 
2o.=rsum  of  the  perimeters  of  all  bars. 
For  the  purpose  of  computation,  the  moduli  of  elasticity  of  steel 
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and  concrete  were  assumed  to  be  30,000,000  and  1,250,000,  respec- 
tively ;  hence  11=24. 

As  the  reinforcement  is  equal,  top  and  bottom,  p=p'. 

It  was  assumed  that  when  the  maximum  diagonal  tension  was 
developed  there  was  no  horizontal  tension  in  the  concrete,  and  hence 
t=v. 


APPENDIX  III. 

DESCRIPTION  OF  ALGOMA  CAISSON  WORK 

By  Mr.  L.  E.  Lion,  U.  S.  Asst.  Engineer. 
M.  Am.  Soc.  C.  E. 


The  river  and  harbor  act  of  March  2,  1907,  contained  the  follow- 
ing item:  "Improving  harbor  at  Algoma  (Ahnapee),  Wisconsin, 
by  the  construction  of  an  outer  harbor  with  a  depth  of  sixteen  feet 
of  water,  $40,000;  Provided,  that  the  Secretary  of  War  may  enter 
into  a  contract  or  contracts  for  such  materials  and  work  as  may  be 
necessary  to  complete  such  project,  to  be  paid  for  as  appropriations 
may  from  time  to  time  be  made  by  law,  not  to  exceed  in  the  aggre- 
gate $100,000,  exclusive  of  the  amounts  herein  and  heretofore  ap- 
propriated." 

During  May  and  June,  1907,  a  survey  and  examination,  including 
many  borings,  were  made  on  which  to  base  a  design  for  Algoma 
harbor.  After  considerable  study  of  the  data  obtained,  it  was  de- 
cided to  build  a  small  outer  harbor  in  Lake  Michigan,  immediately 
south  of  the  then  existing  harbor  entrance,  as  shown  on  Plate  IV. 

The  project  embraced  51 1.7  linear  feet  cf  reinforced  concrete 
breakwater,  733.7  linear  feet  of  pile  pier,  200  linear  feet  of  plank 
cribs  and  about  115,000  cubic  yards  of  dredging.  In  addition  550 
linear  feet  of  the  old  south  pier  were  to  be  removed,  and  the  north 
pier  was  to  be  repaired  by  the  renewal  of  four  courses  of  timber  in 
the  superstructure. 

The  cost  of  this  work,  including  supervision  and  contingencies  was 
estimated  at  $142,000,  which  was  slightly  in  excess  of  the  amount 
available,  but  there  was  a  small  balance  on  hand  for  maintenance 
under  which  the  repairs  to  the  north  pier  properly  came. 

The  portion  of  the  breakwater  most  exposed  to  the  action  of  waves 
consisted  of  51 1.7  linear  feet  of  reinforced  concrete  breakwater,  made 
up  of  twenty  reinforced  concrete  caissons  of  1-2-4  concrete  resting 
on  a  pile  foundation  and  surmounted  by  a  solid  concrete  superstruc- 
ture. Each  caisson  was  24  feet  in  length,  15  feet  wide,  and  12  feet. 
4  inches  in  height,  with  sides  and  end  walls  12  inches  in  thickness  and 
bottom  20  inches  in  thickness,  16  of  which  were  of  concrete  and  4  of 
timber  studded  with  8-inch  spikes.  A  transverse  wall  10  inches  in 
thickness,  divided  each  caisson  into  two  cells.  The  caissons  were 
reinforced  with  deformed  bars  of  the  Johnson  type  made  of  mild 
steel  and  were  designed  to  withstand  water  pressure  from  the  out- 
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side  while  afloat  and  to  retain  the  filling  after  being  put  in  place. 
Reinforcement  was  also  provided  to  give  ample  strength  to  resist 
the  stresses  of  launching,  handling,  or  unequal  bearing  on  the  founda- 
tion. 

The  reinforcing  steel  in  the  walls  was  proportioned  according  to 
the  method  given  by  Mansfield  Merriman  in  "Mechanics  of  Mater- 
ials," ioth  Edition,  page  286,  the  steel  being  assumed  to  carry  all  of 
the  tension  and  compression  while  the  concrete  was  assumed  to  act 
only  as  a  spacing  medium  and  bear  the  stresses  which  would  be 
carried  by  the  web  of  a  girder.  While  .this  method  gives  an  excess 
of  steel  it  was  thought  advisable  to  use  it  on  account  of  the  early 
age  at  which  the  concrete  would  receive  its  launching  stresses.  The 
steel  in  the  bottom  of  the  caissons  was  proportioned  according  to  the 
method  given  in  Taylor  and  Thompson's  "Concrete  Plain  and  Re- 
inforced," first  edition,  page  563.  In  order  to  provide  for  possible 
errors  in  the  cutoff  of  foundation  piles,  sufficient  steel  was  also  placed 
in  the  caissons  to  enable  them  to  carry  safely  their  own  weight  and 
load  due  to  filling,  if  supported  only  at  the  ends  or  at  the  center. 

A  foundation  of  eighteen  piles  supported  each  caisson,  the  piles 
being  cut  off  eleven  feet,  four  inches  below  datum.  Riprap  stone 
was  used  for  filling  the  caissons  to  within  four  feet  of  the  top,  the 
upper  four  feet  of  the  filling  being  of  1-5-10  concrete.  In  order  to 
facilitate  correct  sinking,  two  guide  timbers  12  in.  by  12  in.  and  11 
feet  and  4  in.  long,  were  bolted  to  each  end  of  the  caissons,  making 
an  interval  of  1  foot  between  each  caisson.  This  interval  was  after- 
wards filled  with  small  stone,  and  capped  with  a  slab  of  1-3-5  con" 
:rete  1  foot  in  thickness. 

The  superstructure  which  topped  the  caissons  was  built  of  1-3-5 
mass  concrete,  and  was  carried  to  an  elevation  of  4  feet  above  datum. 
It  covered  9  feet  6  inches  of  the  15  feet  of  width  of  caissons  and  was 
approximately  trapezoidal  in  cross-section,  having  a  slope  of  I  on 
2^2  on  the  lake  side,  and  an  almost  vertical  face  on  the  harbor  side. 
The  caissons  were  protected  by  riprap  on  both  the  lake  and  harbor 
sides  to  within  4  feet  of  datum,  large  stone  being  used  on  the  out- 
side. A  cross-section  of  the  breakwater  and  a  horizontal  section  of 
one  of  the  caissons  are  shown  on  Plate  V. 

In  answer  to  an  advertisement  for  proposals  for  building  the  en- 
tire breakwater,  the  following  bids  were  received.  All  timber,  ex- 
cept caisson  bottoms  and  piles,  together  with  steel  reinforcing  bars 
were  to  be  furnished  by  the  United  States  and  were  therefore  not 
included  in  the  prices  bid  : 

Thos.  H.  Smith,  Sturgeon  Bay,  Wis.  Bid:  $50,122.50  on  Con- 
crete Breakwater  only. 

Great  Lakes  Dredge  &  Dock  Co.,  Chicago,  111 $120,166.00 

Adolph  Green,  Green  Bay,  Wis 110,380.50 

Greiling  Bros.,  Green  Bay,  Wis 104,057.00 

Estimated  cost 92,490.0c 

Amount  available  for  this  part  of  the  work 94,000.0c 
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The  lowest  bid  was  that  of  Greiling  Bros,  of  Green  Bay,  Wis., 
which  was  $11,567  in  excess  of  the  estimated  cost,  and  $10,057  m 
excess  of  the  amount  available  after  making  due  allowance  for  con- 
tingencies, supervision,  materials  to  be  furnished,  and  repairs  to  the 
north  pier. 

All  bids  were  therefore  rejected  and  it  was  determined  to  exe- 
cute the  work  by  hired  labor.  Steps  were  immediately  taken  for  the 
purchase  of  the  necessary  tools  and  materials  and  to  begin  work  as 
soon  as  weather  conditions  permitted. 

Contracts  for  piles,  timber  and  reinforcing  bars  had  previously 
been  entered  into,  to  supply  the  contractor  under  the  proposed  con- 
tract. 

The  United  States  yard  at  Kewaunee,  Wis.,  was  selected  as  the 
most  advantageous  point  at  which  to  build  the  reinforced  concrete 
cassions.  At  Algoma,  Wis.,  the  small  depth  of  water  and  rock  bot- 
tom inside  of  the  harbor  would  have  made  launching  caissons  haz- 
ardous, and  the  fact  that  an  equal  number  of  caissons  were  needed 
for  Manitowoc,  Wis.,  made  it  evident  that  one  plant  to  serve  both 
Algoma,  Wis.,  and  Manitowoc,  Wis.,  was  more  advantageous  to  the 
United  States,  than  the  establishment  of  two  separate  plants.  More- 
over, the  United  States  owned  a  yard  and  warehouse  at  Kewaunee, 
Wis.,  where  the  construction  of  a  permanent  set  of  ways  for  hauling 
floating  plant  out  of  water  was  a  desirable  and  necessary  improve- 
ment for  the  maintenance  of  floating  property.  The  water  bordering 
on  Government  yards  at  Kewaunee  is  free  from  waves  and  currents, 
being  on  an  old  branch  of  Kewaukee  river,  and  while  the  depth  of 
water  was  not  sufficient,  a  small  amount  of  dredging  made  it  ample. 
Kewaunee,  Wis.,  is  12  miles  south  of  Algoma,  Wis.,  and  30  miles 
north  of  Manitowoc,  Wis. 

Work  was  begun  at  the  yard  on  March  12,  1908,  by  the  erection 
of  a  warehouse  for  the  storage  of  cement.  As  the  weather  mod- 
erated work  was  gradually  extended  to  the  launching  ways  and  forms 
for  the  caissons.  All  parts  of  the  plant  were  installed  by  June  1, 
1908,  when  the  actual  construction  of  caissons  was  begun. 

LAUNCHING  WAYS. 

Three  sets  of  launching  ways  were  built  for  launching  the  rein- 
forced concrete  caissons.  Each  set  of  ways  was  24  feet  wide  and 
103  feet  long,  terminating  under  water  at  a  depth  of  6  feet  below 
datum.  There  was  a  clear  space  of  10  feet  between  each  set  of  ways. 
The  piles  supporting  the  ways  were  spaced  to  sustain  a  load  of  15 
tons  to  the  pile,  and  were  driven  in  bents  of  three  piles.  Each  bent 
was  capped  with  12  in.  by  12  in.  timbers,  24  feet  long.  Three  longi- 
tudinal timbers,  12  in.  by  12  in.,  placed  at  an  inclination  of  1  on  10, 
formed  each  set  of  fixed  ways.  The  caps  were  drift-bolted  to  the 
piles,  and  the  fixed  ways  to  the  caps.  The  gage  of  the  ways  in  the 
clear  was  22  feet.     The  computed  weight  of  each  caisson  was  119 
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tons ;  the  area  of  sliding  ways  on  the  fixed  ways  was  45  square  feet, 
making  the  load  per  square  foot  2.65  tons. 

The  cost  of  the  launching  ways  was  $3,684.52,  which  includes  all 
labor  and  materials. 

FORMS. 

The  forms  were  made  in  three  distinct  parts,  the  outside  forms, 
the  inside  forms  or  core,  and  the  trusses  for  holding  the  forms  rig- 
idly in  place. 

All  lumber  used  was  Oregon  fir,  dressed  on  all  sides  and  edges. 
The  lagging  was  of  2-inch  boards,  placed  horizontally  and  bolted  to 
2  in.  by  6  in.  studding.  Each  side  and  end  of  the  outside  form  was 
made  in  three  sections  to  facilitate  handling  and  placing.  In  the 
core  forms  each  side  and  end  was  made  in  one  piece.  Six  by  six 
struts  were  used  inside  of  the  core  for  bracing,  and  twenty  trusses, 
ten  to  a  side,  each  truss  stiffened  with  a  %  in.  iron  rod  and  turn- 
buckle  for  tightening,  were  used  for  stiffening  the  outside  forms. 
The  trusses  were  so  built  and  placed  that  through  the  use  of  3  in.  by 
12  in.  boards  on  edge  across  the  ends,  the  entire  outside  form  was 
rigidly  girdled  and  held  in  place.  One  set  of  trusses  and  braces 
served  the  three  forms.  The  accompanying  photographs  will  give 
a  clear  idea  of  the  trusses  and  forms. 

Three  sets  of  forms  were  built  at  a  total  cost  of  $1,839.57.  After 
completing  the  Algoma  caissons  these  forms  were  slightly  modified 
and  used  in  the  construction  of  22  Manitowoc  caissons.  They  are 
still  in  serviceable  condition. 

PLANT. 

The  launching  ways,  previously  described,  formed  of  course  the 
most  important  part  of  the  plant.  In  the  rear  of  the  launching  ways 
a  traveling  derrick  of  3-tons  capacity  with  a  50-foot  boom,  ran  on 
a  track  of  28-foot  gage  parallel  to  the  back  of  the  ways.  This  der- 
rick was  so  placed  that  it  could  handle  the  forms,  steel,  and  concrete 
on  any  of  the  ways.  A  number  "2%  Smith"  concrete  mixer  was 
mounted  behind  the  derrick  so  as  to  be  easily  moved  by  means  of 
rollers  on  longitudinal  timbers  placed  between  the  derrick  tracks. 
The  mixer  engine  received  steam  from  the  derrick  boiler.  In  the 
rear  of  the  concrete  mixer  and  secured  to  the  same  frame  as  the 
mixer  was  a  small  auxiliary  derrick  which  was  used  only  for  hand- 
ling the  broken  stone  and  sand,  which  it  lifted  in  skips  from  small 
flat  cars,  and  dumped  into  a  hopper  immediately  over  and  behind 
the  mixer.  This  derrick  was  operated  by  a  Manila  line  running  to  a 
winch  head  on  the  hoisting  engine  of  the  traveling  derrick. 

A  double  narrow-gage  track  ran  from  the  storage  pile  of  aggre- 
gates to  the  mixer.  The  materials  were  shoveled  into  and  propor- 
tioned in  metal  skips  on  flat  cars.  Two  cars  were  used,  one  on  each 
track,  and  were  propelled  by  the  men  who  loaded  them. 

A  temporary  warehouse  for  the  storage  of  cement.  25  feet  by  50 
feet,  was  built  parallel  to  the  tracks  so  as  to  be  near  the  mixer. 
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Water  was  supplied  to  the  entire  yard  by  means  of  a  2]/2  H.  P. 
gasoline  engine,  and  a  5  in.  by  5  in.  double  acting  belt  driven  force 
pump,  which  pumped  the  water  into  a  galvanized  iron  tank  mounted 
on  a  trestle  over  the  pump  house.  A  2-inch  water  main  distributed 
the  water  to  the  mixer,  hoisting  engine  and  other  parts  of  the  yard. 

Besides  the  above  plant,  a  blacksmith  shop,  cement  testing  labora- 
tory, office  and  warehouse  for  miscellaneous  storage  were  already  on 
the  ground  and  were  used  on  this  work.  Many  small  tools  were  also 
purchased  for  the  work. 

The  entire  cost  of  the  plant  and  installation,  exclusive  of  the  cost 
of  the  launching  ways  and  cement  warehouse,  was  $5,778.27.  The 
cement  warehouse  cost  $521.40. 

SETTING  UP  FORMS  AND  PLACING  OF  STEEL. 

The  forms  were  set  up  over  the  launching  ways.  Blocks  about 
12  in.  by  12  in.  by  6  in.  which  were  easly  split  with  splitting  wedges, 
were  placed  on  the  pile  caps  of  the  ways,  in  order  to  secure  a  level 
support  for  the  12  in.  by  12  in.  timbers  on  which  the  bottom  and 
forming  were  placed.  Short  blocks,  capable  of  being  easily  split 
with  wedges,  were  used  as  this  was  the  means  employed  for  lowering 
the  caissons  on  the  sliding  shoes  at  the  time  of  launching. 

After  carefully  leveling  the  timbers  on  which  the  form  was  to  rest, 
4  in,  by  12  in.  timbers  24  feet  long,  through  which  8  in.  wire  spikes 
had  previously  been  driven,  were  placed  in  position  on  the  support- 
ing 12  in.  by  12  in.  timbers  to  form  the  bottom  of  the  caissons.  The 
8-inch  spikes  became  firmly  imbedded  in  the  concrete,  thus  binding 
securely  the  wood  bottom  and  the  concrete. 

The  lower  layer  of  reinforcement  was  now  put  in  place.  The  rods 
were  kept  above  the  wood  bottom  by  small  rods  running  perpen- 
dicular to  the  reinforcement  and  kept  at  the  correct  elevation  by 
means  of  pebbles. 

In  later  work  it  was  found  advantageous  to  place  a  layer  of  build- 
ing paper  over  the  wood  bottoms  in  order  to  prevent  the  escape  of 
mortar  and  cement  from  the  concrete  through  the  cracks  in  the  bot- 
tom. This  escape  of  mortar,  while  not  great,  seemed  to  render  the 
bottom  porous  in  places  and  caused  some  leaks,  which,  while  not 
serious,  were  annoying.  The  use  of  the  building  paper  improved  the 
water-tightness  of  the  bottom. 

Iron  brackets  for  supporting  the  core  were  now  put  in  place.  These 
were  made  of  Y%  in.  by  13/2  in.  mild  steel  bent  into  the  shape  shown 
in  Fig.  3,  Plate  VI. 

Eight  of  these  brackets  supported  each  core.  Sixteen  constituted 
a  set  as  there  were  two  cores  to  a  caisson.  The  brackets  remained 
in  the  concrete. 

The  brackets  being  placed,  the  cores  were  now  erected,  together 
with  their  inside  braces,  which  consisted  of  eighty  struts  of  6  in.  by 
6  in.  Oregon  fir.  After  the  cores  were  erected  and  in  proper  posi- 
tion, beams  of  4  in.  by  6  in.  timber  were  placed  across  the  top  of  the 
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cores  and  bolted  thereto,  for  the  purpose  of  suspending  the  wall  re- 
inforcement. 

When  the  cores  and  bracing  inside  of  the  cores  were  in  place, 
the  upper  layer  of  reinforcement  in  the  bottom  was  put  in  position. 
This  rested  on  bars  suspended  from  the  core  braces  at  right  angles 
to  the  direction  of  the  reinforcement.  Where  the  reinforcing  bars 
crossed  the  supporting  bars,  these  were  wired  together  with  No.  20 
wire,  so  as  to  prevent  displacement  in  depositing  concrete. 

While  the  bottom,  core  forms,  and  bottom  steel  were  being  put  in 
place,  the  reinforcement  for  the  walls  was  being  prepared  for  the 
work  by  threading  through  holes  punched  to  the  proper  spacing  in 
steel  flats,  1/16  in.  by  2  in.  By  using  three  spacing  flats  for  each 
vertical  row  of  bars,  a  unit  of  reinforcement  was  formed  which  was 
readily  lifted  into  place  by  the  derrick  and  suspended  from  beams 
supported  by  the  core.  The  upright  reinforcing  bars  were  wired  to 
the  horizontals  before  the  unit  was  bolted  in  place.  All  of  the  rein- 
forcement in  the  walls  was  put  in  place  in  this  manner,  except  the 
short  bars  at  the  corners.  These  were  wired  to  the  horizontal  bars 
in  place. 

All  of  the  steel  now  being  in  place,  the  outside  forming  was 
erected,  the  four  walls  being  brought  up  simultaneously.  This 
forming  was  held  in  place  by  ten  sets  of  trusses  and  boards  on  edge 
which  locked  around  the  form,  and  held  it  rigidly  in  place  and  pre- 
vented yielding  as  the  trusses  were  so  designed  as  to  take  up  all  of 
the  pressure  which  was  brought  to  the  outside  forms  by  the  wet  and 
unset  concrete.  All  examination  of  the  photographs  (Views  1  to  4 
inclusive)  will  make  clear  the  form  construction  and  method  of 
bracing  the  forms. 

METHOD  OF  MOLDING. 

It  was  endeavored  to  mold  each  caisson  at  one  continuous  opera- 
tion, in  order  to  secure  a  perfect  monolith  and  thus  lessen  the  danger 
of  leaks.  All  of  the  caissons  were  successfully  molded  at  one  opera- 
tion, except  the  first  one,  which  required  two  days  on  account  of  a 
change  which  was  found  necessary  in  the  arrangement  of  the  plant. 
No  leaks  developed  in  the  caisson  which  was  molded  in  two  days. 

A  temporary  platform  with  two  hatches,  one  in  the  center  of  each 
core,  was  placed  over  the  core  forming.  The  concrete  mixed  to  a 
very  wet  consistency  was  dumped  through  the  hatches  into  the  bottom 
and  near  the  edges  of  the  platform  in  molding  the  walls.  The  con- 
crete was  shoveled  from  the  platform  into  the  walls  and  puddled 
thoroughly  by  means  of  long  sticks.  Puddling  of  the  bottom  was 
effected  by  laborers  working  inside  of  the  core.  The  bottom  was 
placed  first,  and  then  the  sides,  ends  and  cross-walls  were  brought 
up  simultaneously. 

The  aggregates  were  shoveled  into  skips  resting  on  small  flat  cars 
at  the  stock  pile.  The  cars  were  then  run  over  the  narrow  gage 
track  to  the  derrick  in  the  rear  of  the  mixer  which  raised  the  skips 
and  dumped  them  into  the  mixer  hopper.   The  cement  was  added  in 
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the  hopper.  Each  batch  consisted  of  2  bags  of  cement,  4  cubic  feet 
of  crusher  dust  and  8  cubic  feet  of  1  in.  broken  stone.  A  barrel 
so  arranged  as  to  measure  the  water  used  in  mixing  the  concrete, 
rested  on  the  platform  above  the  mixer,  and  was  operated  by  a  lever 
by  the  man  on  the  mixer  platform.  The  concrete  was  given  about 
14  turns  in  the  mixer,  and  then  dumped  directly  into  a  bottom  dump- 
ing bucket,  which  was  handled  by  the  traveling  derrick. 

An  average  of  281.6  bags  of  cement  were  used  in  each  caisson, 
making  1.347  barrels  of  cement  to  every  cubic  yard  of  concrete. 

As  a  rule  seven  hours  were  required  for  molding  a  caisson,  or 
7.46  cubic  yards  per  hour. 

The  quantity  and  cost  of  materials  in  a  caisson  averaged  as  fol- 
lows: 

Stone  and  Sand,  52.21  cu.  yds.,  at  $1.25 $  65.26 

Cement,  70.4  bbls.,  at  $1.15 80.96 

Reinforcing  Bars,  12,967  lbs.,  at  1.92  cts 248.97 

g?1*5 15-59 

Timber   66.65 

Spikes  and  Wire 4.54 

Brackets 76.53 

Flats     ." 69.82 

«  Total $628.32 

The  force  employed  in  molding  was  usually  as  follows : 

1   Foreman  at  $120  per  month $  4.00 

1   Engineman  at  $80  per  month 2.67 

1  Fireman  at  $60  per  month 2.00 

1  man  operating  small  derrick,  at  $2.25  per  day 2.25 

2  men  carrying  cement,  at  $1.75  per  day 3.50 

1  man  on  mixer  platform,  at  $2  per  day 2.00 

1  man  dumping  mixer,  at  $2 2.00 

6  men  at  stock  pile  and  transporting  aggregates,  at  $1.75 

per   day 10.50 

2  men  placing  concrete  in  forms,  at  $2.25  per  day 4.50 

6  men  puddling,  at  $1.75  per  day 10.50 

22  men $43.92 

This  same  force  was  employed  in  setting  up  forms,  placing  steel, 
and  all  other  work  pertaining  to  caisson  construction. 


REMOVAL  OF  FORMS. 

The  inside  and  outside  bracing  were  removed  when  the  concrete 
was  24  hours  old,  and  the  forms  whenever  convenient,  after  the 
concrete  was  48  hours  old.  No  difficulty  was  experienced  in  the 
removal  of  forms,  nor  did  any  material  adhere  to  the  forms  so  as 
to  leave  a  disfigured  surface,  although  they  were  not  coated  with 
any  preparation. 
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WATERPROOFING. 

Within  two  days  after  the  removal  of  the  forms,  the  outside  of 
the  caissons  was  given  a  wash  of  thin  grout  made  of  neat  cement. 
This  wash  was  applied  and  rubbed  well  into  the  surface  of  the 
concrete  with  a  whitewash  brush.  After  the  cement  had  dried,  two 
coats  of  the  following  wash  were  applied : 

One  pound  of  concentrated  lye  and  five  pounds  of  alum  were 
added  to  2  gallons  of  water,  care  being  taken  that  every  particle 
was  dissolved.  This  constituted  the  ''stock/''  To  one  pint  of  the 
"stock"  was  added  10  pounds  of  cement,  and  water  until  the  mix- 
ture was  of  such  a  consistency  as  to  spread  easily  on  the  walls  with 
a  brush.  Usually  1  pint  of  stock  was  put  into  a  12-quart  bucket, 
and  10  pounds  of  cement  stirred  in  with  enough  water  added  to  fill 
the  bucket.  This  recipe  was  obtained  from  the  Report  of  the  Chief 
of  Engineers,  1902,  Part  3,  page  2,482,  in  which  it  is  described  by 
Assistant  U.  S.  Engineer  G.  B.  Hegardt. 

With  the  small  heads  of  water  of  9  to  10  feet  against  the  caissons 
when  afloat,  no  difficulty  was  experienced  in  obtaining  water-tight 
walls,  and  it  is  thought  that  the  walls  would  have  been  impervious 
without  the  application  of  any  preparation.  As  the  cost  of  this 
mixture  was  very  small,  it  was  put  on  the  caissons  as  a  precaution 
against  leakage. 

All  caissons  were  tested  for  leaks  before  applying  the  water- 
proofing wash  by  pumping  about  6  feet  of  water  into  each  one.  This 
was  syphoned  out  before  the  application  of  the  wash. 

LAUNCHING. 

Before  launching,  temporary  timber  decks  were  placed  on  the 
caissons  for  the  purpose  of  excluding  water  during  towing  and 
launching.  These  were  made  in  four  sections  of  2-in.  Oregon 
fir,  with  all  seams  tightly  calked  and  provided  with  ring-bolts  foi 
lifting  the  sections  into  and  out  of  position.  In  order  to  shorten 
the  span  of  the  deck  planks,  and  add  to  their  rigidity  and  supporting 
power,  6  in.  by  6  in.  timbers  were  placed  longitudinally  across  the 
inside  of  the  caissons  near  the  top,  and  rested  on  the  imbedded 
timbers  and  on  the  cross-wall.  These  timbers  were  supported  in 
the  middle  by  6  in.  by  6  in.  columns,  resting  on  the  caisson  bottom 
For  convenience  in  removing,  lag  screws  were  used  for  fastening 
the  deck  to  the  imbedded  timbers.  Two  small  hatches  were  placed 
in  each  deck  for  purposes  of  inspection.  Before  launching  or  tow- 
ing the  hatches  were  fastened  down  securely,  and  all  joints  around 
hatches  and  between  the  concrete  and  deck  were  carefully  calked. 
A  total  of  four  decks  sufficed  for  the  entire  work. 

The  12  in.  by  12  in.  guide  timbers  shown  in  the  drawings  were 
bolted  to  the  caisson  ends,  bolts  having  been  imbedded  in  the  con- 
crete for  this  purpose. 

Three  sliding  shoes  for  launching  were  used  under  each  caisson 
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at  the  time  of  launching.  These  were  made  as  shown  on  Plate  VI T, 
with  an  oak  sliding  surface  and  Oregon  fir  filling  above.  The  out- 
side shoes  were  provided  with  ribbands  on  the  inside  only.  The 
middle  shoe  had  no  ribbands  at  all.  The  shoes  were  lubricated  with 
beef  tallow  just  before  launching  and  then  driven  tightly  under  the 
caisson  bottoms.  An  inclined  shore  placed  against  the  sliding  shoes 
in  front  of  the  caissons,  together  with  a  tripping  lock  on  each  side 
of  the  ways,  held  the  caisson  and  sliding  shoes  in  place  while  the 
weight  of  the  caisson  was  being  transferred  from  the  stocks  to  the 
sliding  shoes. 

In  order  to  take  the  load  off  the  stocks,  the  small  blocks  support- 
ing the  12  in.  by  \2  in.  timbers  on  which  the  caisson  rested,  were 
split  with  steel  splitting  wedges,  thus  allowing  the  caisson  gradually 
to  settle  upon  the  shoes.    The  small  blocks  having  been  cut  out,  the 


» 

MM 

View  5. 
Reinforced  Concrete  Caisson  for  Algoma  Breakwater,  being  launched. 

12  in.  by  12  in.  timbers  or  stocks  were  removed,  and  the  caisson 
was  ready  for  launching  (see  Plate  VII). 

The  ways  having  been  freshly  greased  with  tallow,  men  were 
stationed  at  the-  shores  and  tripping  keys.  At  a  signal  previously 
agreed  upon,  the  shores  were  knocked  out  with  sledges,  and  at  a 
second  signal  the  tripping  device  on  each  side  was  tripped,  releasing 
the  caisson,  which  started  by  its  own  weight.  All  of  the  caissons 
moved  readily  as  soon  as  released  and  traveled  the  entire  length  of 
the  ways  without  binding  in  any  way.  The  velocity  of  travel  aver- 
aged 8.6  feet  per  second.  The  launching  of  a  caisson  is  illustrated 
in  View  5. 
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As  the  ways  terminated  at  a  depth  of  six  feet  below  water,  and 
the  draft  of  the  caissons  was  about  9.7  feet,  the  caissons  tilted  and 
submerged  themselves  on  leaving  the  ways,  as  they  had  a  fall  of 
about  3.7  feet  in  water.  However,  they  righted  themselves  im- 
mediately and  came  to  the  surface  on  an  even  keel.  Every  launch- 
ing was  satisfactory  in  all  respects. 

A  caisson  having  been  launched  it  was  prepared  for  towing  by 
wrapping  around  it  a  girdle  chain  to  which  the  towing  hawser  was 
made  fast. 

The  small  fishing  tug  "Southern  Cross"  towed  all  of  the  caissons 
from  Kewaunee,  Wis.,  to  Algoma,  Wis.,  a  distance  of  12  miles  from 
pier  to  pier.  This  boat  is  56  feet  in  length,  and  of  25  gross  tonage. 
Her  engines  are  10  in.  by  12  in.,  and  her  boiler  carries  too  pounds 
of  steam. 

The  time  of  towing  was  usually  from  6  to  7  hours  or  at  the  rate 
of  a  little  less  than  2  miles  per  hour.  As  a  rule  the  tug  took  but 
one  caisson  at  a  time,  but  on  two  occasions  she  took  two  at  a  tow, 
and  handled  them  as  well  as  one,  although  the  time  of  towing  was 
a  little  greater. 

The  cost  of  towing  was  $20.  per  caisson  at  first  and  later  $23.  per 
caisson,  which  included  the  return  of  the  temporary  decks.  As  the 
total  cost  of  towing  was  $442,  the  cost  of  towing  per  cubic  yard 
amounted  to  $0,423. 

STORING. 

The  caissons  were  stored  afloat  at  Algoma  until  they  were  needed 
in  the  work  (View  6).  The  decks  were  removed  as  soon  as  re- 
ceived and  returned  to  the  molding  plant  at  Kewaunee,  where  they 
were  used  over  and  over.  No  trouble  was  experienced  in  keeping 
caissons  afloat  for  weeks  at  a  time,  their  impermeability  being  such 
that  no  pumping  whatever  was  required. 

BREAKWATER   FOUNDATION. 

The  foundation  consisted  of  piles  driven  to  a  firm  bearing  and 
when  practicable  to  rock.  Piles  40  feet  long  were  used  and  were  cut 
off  at  a  depth  of  11  ft.  4  in.  below  datum.  As  the  piles  generally 
stood  about  4  feet  above  datum  when  the  desired  resistance  was 
attained,  a  penetration  of  about  25  feet  was  obtained.  The  space 
around  the  piles  was  filled  with  riprap  stone  which  was  carefully 
leveled  off  by  a  diver  about  9  in.  below  the  pile  tops. 

A  swinging  "A"  shaped  saw-frame  having  a  radius  of  16  feet, 
and  pivoted  above  water  on  the  pile  being  cut  was  used  for  cutting 
off  the  piles.  An  ordinary  cross-cut  saw  was  fastened  to  the  lower  end 
of  the  frame,  and  the  saw  drawn  back  and  forth  by  men  on  rafts 
hauling  on  lines  attached  to  the  lower  end  of  the  saw-frame.  Errors 
in  cutting  off  which  were  lower  than  the  desired  elevation  were 
corrected  by  placing  shims  of  the  proper  thickness  under  an  iron 
casting  with  suitably  roughened  upper  and  lower  surfaces  designed 
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to  equalize  the  bearing-  and  introduce  friction  (see  Fig.  2,  Plate  VI). 
The  error  of  cut-off  was  intentionally  kept  low,  and  it  was  not  found 
necessary  to  re-cut  any  piles  on  account  of  their  being  too  high. 
The  floating  stages  on  which  the  men  worked  were  made  of  12  in. 
by  12  in.  by  20  ft.  timbers  held  together  by  scantlings  spiked  across 
their  tops. 

SINKING  AND  FILLING  CAISSONS. 

About  100  feet  of  foundation  were  prepared  at  a  time,  and  when 
this  was  in  readiness,  four  caissons  were  sunk.  The  sinking  was 
effected  by  syphoning  water  into  the  caissons  by  hanging  2  in. 
syphons  over  the  wall  (Views  7  and  8).  In  order  to  start  a  syphon 
it  was  first  filled  with  water  and  a  wooden  plug  having  a  handle  was 
inserted  in  each  end.  The  two  plugs  were  released  at  the  same  time 
and  the  flow  of  water  thus  started.  From  twelve  to  fourteen 
syphons  were  used  to  expedite  the  sinking. 


View  6. 
Reinforced  Concrete  Caissons  afloat  in  Algoma  Harbor. 

Each  caisson  was  put  into  exact  position  by  securing  one  end  to 
the  previously  sunk  caisson  and  holding  the  farther  end  precisely 
in  place  by  means  of  light  blocks  and  tackle.  An  instrument-man 
with  a  transit  observed  the  position  of  each  caisson  while  being  sunk 
and  gave  the  necessary  signals  for  keeping  it  on  line.  No  difficulty 
was  experienced  in  holding  caissons  on  line  or  sinking  in  the  de- 
sired position.  Whenever  a  caisson  was  misplaced  it  was  easily 
floated  again  by  pumping  out  some  of  the  water.  A  caisson  having 
been  sunk  it  was  filled  with  riprap  stone  to  within  four  feet  of  its 
top  (View  9).  It  was  generally  found  practicable  to  sink  and  fill 
with  riprap  four  caissons  in  a  day.  The  upper  concrete  filling  was 
deposited  soon  after  sinking.  A  layer  of  burlap  was  spread  over  the 
riprap  to  prevent  mortar  from  running  into  the  interstices  between 
the  stones,  and  the  concrete  placed  on  this  (View  10).    Two  forms 
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for  manholes  were  placed  in  each  caisson,  one  in  each  compartment 
as  shown  in  the  drawing.  Before  concreting,  the  water  in  the  cais- 
sons was  pumped  down  below  the  level  of  the  riprap,  so  that  the 
filling  was  deposited  in  air.  The  surface  of  the  filling  was  given  a 
smooth  finish  where  no  superstructure  came  over  it.  Under  the 
supertsructure  the  surface  was  left  rough  so  as  to  bind  more  effec- 
tively with  the  superstructure  which  was  subsequently  added. 

Before  the  caissons  were  sunk,  eight  pile  tops  were  placed  in  the 
caissons  in  a  vertical  position  to  act  as  supporting  pillars  for  the 
concrete  filling  in  case  the  riprap  filling  should  settle  away  from  the 
concrete. 


View  7. 
Reinforced  Concrete  Caissons  for  Algoma  Harbor. 

Covers  of  reinforced  concrete  were  molded  in  the  manhole  tops 
to  close  the  openings  (see  Fig  1.  Plate  VI). 

A  mixer  mounted  on  a  scow  was  used  for  mixing  the  concrete  for 
the  filling  and  for  the  superstructure.  This  mixer  was  set  at  an 
elevation  which  permitted  dumping  the  mixed  material  directly  from 
the  mixer  into  a  chute  from  which  the  wet  mixture  flowed  into  the 
work. 

INTERVALS   BETWEEN   CAISSONS. 

The  intervals  12  inches  in  width,  between  caissons  were  filled  with 
small  stone  to  within  one  foot  of  the  top,  and  then  covered  with 
a  3  in.  by  12  in.  board,  on  which  a  filling  of   1:3:5  concrete  was 
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placed.    This  filling  was  brought  up  to  the  top  of  the  caissons,  and 
given  a  finished  surface  the  same  as  the  caisson  filling. 

SUPERSTRUCTURE. 

A  superstructure  of  1 13  15  concrete  of  the  form  and  dimensions 
shown  on  the  drawings  was  built  to  an  elevation  of  4  feet  above 
datum.  The  superstructure  was  built  in  sections  25  feet  in  length, 
the  joint  between  sections  being  made  coincident  with  the  center  of 
the  interval  between  caissons.  Alternate  isolated  sections  were  first 
molded  and  then  the  intermediate  sections,  a  layer  of  building  paper 
being  placed  between  each  section  to  provide  against  temperature 
changes.  The  concrete  in  the  superstructure  was  deposited  from  a 
mixer  on  a  scow  in  the  same  manner  as  the  concrete  filling  (Views 
11  and  12). 

COST  OF  WORK. 

The  plant  purchased  for  the  manufacture  of  the  concrete  caissons, 
not  counting  as  plant  the  launching  ways  or  the  cement  warehouse, 
amounted  to  $5,778.27,  distributed  as  follows: 

3-ton  traveling  derrick  and  installation  of  same $2,283.05 

Small  derrick  and  installation  of  same 59-Q3 

Concrete  mixer;  Smith  No.  2^2  and  installation  of  same.  .  860.63 

Narrow  gage  railway  and  4  flat  cars 344-78 

Gasoline  engine,  pump  tank  and  pipes  for  water  supply.  .  .  429.33 

Buckets   and  skips 233.75 

Cement  testing  apparatus 387.05 

Timber  and  blocking  in  yard 207.00 

Towing  equipment 41.26 

Shed  for  steel 13.57 

Telephone  and  office  equipment 49-36 

Clearing  yard    94-97 

Small   tools    145.12 

Miscellaneous  supplies   629.37 

$5,778.27 

The  three  sets  of  launching  ways  cost  $3,684.52,  made  up  of  the 
following  items : 

Piles    $1 ,202.40 

Timber    715.80 

Excavating  and  dredging   444-1 1 

Labor   and   miscellaneous   supplies 1,322.21 

$3,684.52 
A  temporary  warehouse   for  storing  cement,  49   ft.  by  24 

ft.  was  erected  at  a  total  cost  of $521.40 
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Three  sets  of  forms  were  used  for  the  Algoma  and  Manitowoc 
caissons.     The  cost  of  these  was  $1,839.57,  distributed  as  follows: 

Lumber   $    532.60 

Rods  and  turnbuckles    26.55 

Bolts    109.76 

Iron  plates    23.10 

Mill   work    -5379 

Labor    993-77 

$1,839.57 

As  there  were  1.045  cubic  yards  of  concrete  in  the  Algoma  cais- 
sons and  those  for  Manitowoc  will  amount  to  980  cubic  yards,  a 


View  8. 

Reinforced   Concrete   Caissons   at   Algoma   Harbor — filling  and   sinking  with 

water,  by  syphons. 

total  of  2,025  cubic  yards  will  have  been  moulded  in  the  forms,  mak- 
ing the  cost  of  forming  $0,908  per  cubic  yard. 

In  the  following  cost  analysis,  the  charge  to  the  work  on  account  of 
plant  is  based  on  the  depreciation  of  same  and  the  interest  on  the 
investment,  as  the  plant  is  portable  and  has  considerable  value  for 
future  work.  Launching  ways  and  warehouse  as  stated  before 
are  not  here  included  in  the  item  plant,  as  they  are  not  portable  and 
must  be  treated  differently.  Credit  is  taken  for  the  present  value 
to  the  United  States  of  the  launching  ways,  which  is  estimated  at 
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$2,165.77,  making  the  amount  chargeable  to  the  Algoma  and  Mani- 
towoc caissons  $1,518.75.  The  cement  warehouse  is  assumed  to 
have  no  present  value  and  is  charged  entirely  to  the  Algoma  and 
Manitowoc  caissons.  It  is  probable  that  a  contractor  doing  similar 
work  would  charge  the  entire  cost  of  the  launching  ways  to  the  work 
for  these  woull  be  of  no  value  to  him  on  the  completion  of  the  job, 
unless  he  could  then  find  a  purchaser  for  them. 

The  amount  chargeable  on  account  of  the  plant  is  as  follows : 

Depreciation,    10%   of  cost $577-83 

Interest  on  cost,  6%  for  12  months 346.70 


$924-53 


View  9. 

Reinforced   Concrete    Caissons — in   place,   Algoma   Harbor — and   partly   filled 

with  rip-rap  stone. 

The  amounts  chargeable  to  every  cubic  yard  of  concrete  in  the 
Algoma  caissons  will  therefore  be  as  follows : 

On  account  of  cement  warehouse,  521. 40-^-2025 =$0,257 
On  account  of  launching  ways,  i5i8.75-^2025=$o.75o 
On  account  of  plant,  924.53-^ 2025=$o.457. 
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The  following  is  the  cost  of  the  materials  entering  into  the  con- 
struction of  the  twenty  caissons  for  the  breakwater,  as  well  as  the 
cost  of  fuel,  oils,  and  miscellaneous  supplies : 

Portland  cement , ,  .  .$1,619.20 

Sand  and  stone   1,356.25 

Nails  and  spikes   81.00 

Bolts    224.28 

Brackets  for  supporting  core  ^S-OS 

Eye  bolts    87.63 

Oakum    6.90 

Lubricating   oils    29.32 


View  10. 
Reinforced  Concrete  Caissons — Algoma  Harbor,  in  place — with  top  filling  of 

concrete,  being  placed. 

Tallow 23.60 

Gasoline    6.00 

Coal  168.96 

Reinforcing  steel  in  caissons,  259,327  lbs $4,985.22 

Flat  bars   for  spacing 139-64 

Wire    9-82  5^34-68 


Timber  in  caissons  and  decks,  48,924  ft.  B.  M 1,332.90 


Total    $10,223.77 
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The  cost  of  labor,  including  superintendence,  was  as  follows 

Unloading   cement    $    104.72 

Setting  up  forms    1,221.75 

Molding    1,160.35 

Removing   forms    242.43 

Waterproofing   52.00 

Testing 13.47 

Repairing  and  cleaning  forms   192.29 

Launching    390.89 

Care  of  caissons  afloat 35-7° 

Handling  crushed  stone    198.88 
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View  ii. 

Reinforced  Concrete  Caissons — Breakwater  at  Algoma  Harbor — top  filling  of 
concrete  from  mixer  on  scow — also  showing  manholes  in  concrete  top. 

Care  of  plant    202.72 

Miscellaneous 55-5°  3*870.70 

Unloading  steel 90.65 

Placing  steel    466.32      556.97 

Transferring   timber    45-6o 

Spiking  and  framing  floor  timbers 160.56 

Placing  decks,  guide  timbers,  etc 677.70      883.86 

Total -$5,311-53 
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From  the  above  it  is  computed  that  the  total  cost  of  labor  and 
materials  for  1.045  cubic  yards  of  reinforced  concrete  in  twenty 
caissons  was  as  follows : 

Concrete : 

Materials $3-756. 19 

Labor    3.870.70 

$7,626.89 

Cost   per   cubic   yard   exclusive   of   warehouse,    ways,   plant, 

forms,  steel  and  timber $7 .297 

Reinforcing  steel : 

Materials $5. 134.68 

Labor   handling   and  placing    556.97 

S5.691.65 


View  12. 

Finished — Reinforced  Concrete,  Caisson  construction — Breakwater  at  Algoma 

Harbor. 

Cost    of    steel,    plus    cost    of    placing    in    the    work,    per 
pound   $0.0219 

Timber : 

Materials    Si  ,332.90 

Labor,  handling  and   framing 883.86 

$2. 216.76 
Cost  of  timber  and  cost  of  placing  in  the  work,  per  M.  feet 
B.  M - S4531 
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A  unit  price  of  concrete  exclusive  of  steel  and  the  placing  thereof, 
based  on  the  foregoing,  would  be  as  follows : 

Per  Qubic  Yard 

Cement   warehouse    $0,257 

Launching  ways  0-750 

Plant 0.457 

Forms    0.908 

Labor  and  materials 7.297 

$9,669 
The  cost  of  all  labor  and  materials  in  the  twenty  caissons,  exclu- 
sive of  ways,  warehouse,  plant,  and  forms,  was  as  follows : 

Concrete    $  7,626.89 

Reinforcing  steel 5,691.65 

Timber    2,216.76 

$I5>535-30=$776.77  per  caisson. 
Including  the  above  allowances  for  ways,  warehouse,  and  forms, 
the  cost  for  twenty  caissons  would  be  as  follows : 

Launching  ways    $      783.75 

Warehouse   268.57 

Plant   : 477-57 

Forms    948.86 

Concrete    7,626.89 

Reinforcing   steel    5,691.65 

Timber    2,216.76 

$18,0 1 4.05 =$900.70  per  caisson. 

COST    OF    TOWING. 

Cost  of  towing  all  caissons,  6  at  $20,  14  at  $2$ $442.00 

Cost  per  cubic  yard    0.423 

The  deck  was  removed  from  each  caisson  as  soon  as  received  and 
the  pile  tops  which  supported  the  upper  four  feet  of  concrete  were 
then  put  in  place.  The  total  cost  of  this  work  was  $329.07,  or 
$16.45  Per  caisson. 

COST  OF  PLAXT  FOR  SINKING,  FILLING,  AND  BUILDING 
SUPERSTRUCTURE. 

The  cost  of  the  special  plant  acquired  for  the  caisson  work  of 
the  breakwater  was  as  follows : 

Concrete  mixer,  complete,  and  installation  of  same $1,450.75 

Concrete  tools   5.70 

Saws  and  saw  frames  for  cutting  off  piles  under  water.  . . .        37.00 

Special  tools,  clam-shell  bucket,  paulin,  etc 4*5-55 

Scow  repairs    48.38 

Miscellaneous 229.50 

$2,186.88 
Hall  value  derrick  and  scow  (other  half  charged  to  riprap)    1,650.00 

$3,836.88 
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All  of  the  above  plant  is  portable  and  will  be  treated  the  same  as 
plant  used  for  molding  caissons  in  arriving  at  a  charge  for  plant 
against  every  cubic  yard  of  concrete: 

Depreciation   10%   of  cost $383.69 

Interest  on  cost,  6%  for  12  months 230.21   $613.90 


The  second  cement  warehouse  at  Algoma,  Wis.,  49x24  feet,  cost 
$489.81,  and  the  forms  for  superstructure  cost  $221.02,  while  those 
for  the  manholes  in  the  concrete  rilling  cost  $24.22. 

A  total  of  1,241  cubic  yards  of  concrete  was  made  and  deposited 
in  the  concrete  breakwater  after  sinking  the  caissons,  820  cubic 
yards  of  meagre  1:5:10  filling  and  421  cubic  yards  of  superstruc- 
ture and  intervals  between  caissons. 

The  amounts  to  be  charged  to  every  cubic  yard  of  concrete  for 
plant,  warehouse,  and  forms  are  as  follows : 

613.90 

Plant =$0,495 

1 24 1 
489.81 

Cement   warehouse    =  0.395 

1241 
221.02 

Superstructure   forms    =  0.525 

421 
24.22 

Manhole    forms    =  0.030 

820 

The  cost  of  all  labor  and  materials  in  the  820  cubic  yards  of  con- 
crete filling  was  as  follows : 

Cement,  603  bbls.,  at  $1.15 $    693.45 

Crushed  stone,  821  cubic  yards,  at  $1.25 1,026.25 

Handling  cement    27.14 

Handling  crushed  stone    257-7$ 

Labor,  mixing  and  placing    1,060.51 

Fuel  155.17 

$3,220.30 
This  places  the  cost  of  the  meagre  concrete  at  $3,927  per  cubic 

yard  for  the  preceding  items. 

Including  the  cost  of  plant,  forms  and  warehouse,  the  cost  is  as 

follows : 

Plant    $0,495 

Warehouse    0-395 

Forms 0.030 

Labor  and  materials   3-927 

$4,847 
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The  cost  of  the  labor  and  materials  in  the  421   cubic  yards  of 
concrete  superstructure  was  as  follows : 

Cement,  532  bbls.,  at  $1.15 $    611.80 

Crushed  stone,  420  cubic  yards 525.00 

Handling   cement    24.66 

Handling  crushed  stone    I5I-23 

Labor,   mixing  and  placing 1,119.93 

Fuel  7977 

$2,512.39 

The  cost  of  the  concrete  in  the  superstructure   thus  becomes : 

25 1 2.39-1-42 1  =$5,968  per  cubic  yard. 

Including  proper  charges   for   plant,   forms  and   warehouse  the 
cost  becomes : 

Plant    $0,495 

Warehouse 0-395 

Forms    0.525 

Labor  and  materials 5-968 

$7-383 

The  piles  in  the  foundation  cost  as  follows : 

Piles    $2481.60 

Cast  iron  pile  caps   176.40 

Handling   piles    64.52 

Sharpening  piles   I49-I5 

Driving  piles    239.57 

Sawing  off  piles   358-47 

Leveling  piles  and  preparing  foundation 449-63 

$3,919-34 
As  there  were  376  piles  used  in  the  foundation  the  cost  per  pile 

in  the  work,  not  including  charge  for  plant,  was  as  follows : 
39i9^-376=$io.42. 
Allowing  10%  depreciation  on  a  $2,000  pile  driver  and  interest 

for  12  months  at  6%   on  this  driver,  $320  must  be  added  to  the 

above  making  the  total  $4,239.34.     The  cost  per  pile  driven  then 

becomes : 

4239-34-^376=$i  1.275- 

The  riprap  consisted  of  large  and  small  stone  and  some  stone 
dredged  from  old   work  by  the  United   States  dredge.     The  cost 
was  as  follows : 
Large  riprap   stone  purchased,   1,572.45  tons,  at 

$1.19    $1,871.22 

Small   riprap   stone  purchased,   3,825.52  tons,   at 

$0.98 3,749-01 

Labor  placing  riprap  on  sides  and  caisson  filling.  .    1,718.24 

Total  cost  of  stone  purchased $7,338.47 
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Riprap  dredged  for  caissons,  1,231  tons,  at  25  cents .  $307.75 
Time  of  dredge  in  casting  riprap,  16^2  hours,  at 
$7-54 124.41      432.16 

Total  cost   of   riprap   stone   in   place,   exclusive   of  plant 

charge   $7>77°-63 

Plant  used  on  riprap  valued  at  $1,650.00. 

Depreciation  on  same,   10% $165.00 

Interest  for  12  months,  at  6% 99.00      264.00 

Total  cost  of  riprap  stone  in  place,  including  plant  charge.  .$8,034.63 

From  the  above  the  average  cost  in  place  of  riprap  stone  pur- 
chased was  $1.44  per  ton,  exclusive  of  plant.  This  price  is  some- 
what high,  which  is  due  to  the  fact  that  most  of  the  stone  had  to 
be  handled  twice  on  account  of  the  size  and  draft  of  the  boats  on 
which  it  was  delivered. 

The  cost  of  the  completed  51 1.7  feet  of  concrete  breakwater  from 
the  above  becomes  as  follows : 

Caissons   complete $18,014.05 

Towing  caissons   442.00 

Removing  decks  and  preparing  caissons  for  sinking 329.07 

Setting  ranges  and  preliminary  work 71.81 

Piles  and  pile  caps   2,658.00 

Handling,  driving,  cutting  off,  etc.,  piles 1,581.34 

Concrete  filling,  labor,  materials  and  superintendence.  .  .  .  3,974.54 
Concrete  superstructure,  labor,  materials  and  superinten- 
dence     3,108.24 

Riprap  stone  and  handling  same 8,034.63 

Towing  with  gasoline  launch  323.25 

Miscellaneous  supplies   181.65 

$38,718.58 
As  there  were  51 1.7  feet  of  concrete  breakwater,  the  cost  per  linear 
foot  of  completed  structure  is : 

38,718.58-51 1.7=$75-67 

Estimated  cost  per  linear  foot $103.74 

Actual  cost  per  linear  foot  75-67 

Difference  between  estimated  and  actual  cost $  28.07 
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Discussion. 

Mr.  IV.  H.  Finlcy,  m.w.s.e.  :  Referring  to  the  design  for  the  con- 
crete dock  front;  the  caisson  is  floated  out,  as  I  understand  it,  and 
the  concrete  is  backed  up  against  it  in  front  inside  of  the  caisson. 
I  judge  you  would  have  to  be  careful  in  putting  that  in,  so  that  in 
receiving  blows  from  boats  there  would  be  no  separation  of  the  back- 
ing?   Have  you  given  that  any  consideration? 

Maj.  Judson :  The  caisson  shown  on  Plate  XXIV.  has  three 
chambers.  Two  would  be  filled  with  water  to  hold  the  caisson 
down,  a  vertical  form  would  then  be  lowered  in  the  third  chamber 
and  the  concrete  put  in  in  the  dry.  After  the  concrete  is  in,  the 
space  behind  it  is  filled  with  sand  or  some  other  material,  and  the 
backing  is  placed  behind  the  caisson.  I  do  not  think  there  would  be 
any  opportunity  for  damage  such  as  you  mention.  If  the  caisson 
were  filled  merely  with  sand,  it  probably  would  not  be  punctured  fre- 
quently, but  with  this  weight  of  concrete  and  other  materials  behind 
it  I  think  it  will  certainly  hold  up.  The  cost  per  lineal  foot  would  be 
increased  but  slightly  if  these  dock-front  caissons  were  entirely  filled 
with  concrete. 

Mr.  Finley:  What  is  the  difference  in  cost  between  this  form  of 
construction  and  wooden  crib  construction? 

Maj.  Judson :  You  will  find  many  comparative  estimates  of  cost 
in  the  body  of  my  paper,  which  I  have  omitted  reading  tonight  for 
lack  of  time. 

Mr.  L.  K.  Sherman,  m.w.s.e.:  Referring  to  the  cost  of  timber 
crib  foundation,  the  Sanitary  District  built  about  1,000  feet  of  this 
in  Lake  Michigan,  near  Wilmette,  16  ft.  wide  and  15  ft.  high.  The 
average  cost  was  $39.00  per  lineal  foot.  The  cost  per  cubic  yard  of 
structure  was  $4.50.    That  did  not  include  any  pile  foundation. 

Maj.  Judson :  In  the  case  of  the  Algoma  work,  the  water  was 
15  ft.  deep  instead  of  11  ft.,  and  the  width  in  such  a  depth,  instead 
of  being  16  ft.,  would  be  some  22  ft.  if  built  of  wood,  and  with  a 
factor  of  safety  against  overturning  equal  to  that  possessed  by  the 
concrete  caissons.  If  you  apply  your  cost  per  cubic  yard,  $4.50,  to 
a  structure  of  wood  22  ft.  wide  in  15  ft.  of  water  you  would  have  a 
cost  of  $69.66  per  lineal  foot,  not  including  the  rock  placed  on  the 
beams,  nor  pile  foundation.  If  the  cost  of  the  pile  foundation  and 
of  the  rip-rap  placed  alongside  the  caissons  be  subtracted  from  the 
cost  of  the  Algoma  work,  we  have  left  a  cost  of  less  than  $60.00  per 
lineal  ft.,  and  the  $60.00  work  is  permanent  while  the  $69.66  work 
is  not.  Thus  your  Wilmette  work,  with  the  cost  data  derived 
therefrom,  when  compared  properly  with  the  Algoma  work,  demon- 
strates the  greater  cheapness  of  the  latter.  As  I  understand,  your 
Wilmette  work,  the  tops  of  the  wooden  cribs  projected  4  ft,  above  the 
water.  This  part  will  of  course  be  subject  to  decay,  and  will  require 
constant  maintenance. 

Mr.  Sherman :  This  $4.50  spoken  of  would  apply  only  to  the  neat 
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section  of  the  structure,  and  would  not  include  rock  filling  on  the 
outside  or  anything  of  that  sort. 

Maj.  T.  H.  Rees,  m.w.s.e.  :  With  reference  to  the  building  of  a 
superstructure  of  concrete  on  a  timber  crib  foundation,  there  has 
been  some  experience  with  the  north  pier  in  Chicago,  at  the  Chicago 
River.  It  was  supposed  th^;  by  cutting  down  the  timber  work  to  two 
feet  below  datum,  the  timber  Would  be  found  perfectly  sound,  but 
when  the  work  was  begun  it  was  found  necessary  to  go  down  at  least 
eight  feet  before  a  solid  foundation  could  be  obtained  for  the  concrete 
block,  which  made  the  work  expensive.  It  appeared  to  me,  while 
listening  to  the  paper,  that  the  floating  dock  might  be  very  well 
adapted  to  the  construction  of  those  caissons,  especially  in  cases 
where  they  had  to  be  built  in  a  harbor  in  which  the  depth  of  water 
was  not  sufficient  to  float  the  caisson.  With  a  floating  dock,  it  could 
be  built  alongside  the  wharves  and  be  moved  under  the  concrete 
plant  at  another  wharf  and  receive  its  concrete,  and  when  finished  it 
would  still,  on  a  floating  dock,  have  less  draught  than  when  it  is 
launched  and  floated  by  itself.  Then  it  could  be  floated  out  into  deep 
water  and  put  into  its  place. 

I  am  not  one  of  those  who  believe  we  should  use  only  the 
cheapest  form  of  construction  for  all  purposes.  I  think  it  is  worth 
a  good  deal  to  build  something  that  will  last  and  will  have  a  good 
appearance  for  a  long  time.  If  any  of  you  will  look  at  some  of  the 
piers  and  breakwaters  that  are  still  here,  with  the  wooden  super- 
structures, they  will  be  found  in  all  stages  of  decay  and  delapidation, 
and  do  not  present  the  pleasing  appearance,  of  the  first  year  or  two 
after  their  construction.    I  would  like  to  see  them  built  of  concrete. 

A.  Ross,  Rear  Admiral  U.  S.  Navy:  Referring  to  the  matter  of 
quay-walls  of  your  harbors,  I  would  ask  whether  you  would  use 
any  protection  piles  in  the  front  and  chafing  blocks  ? 

Maj.  Judson :  Yes,  one  or  both. 

Admiral  Ross:  Have  you  made  any  arrangement  for  brackets? 

Maj.  Judson :  Not  in  connection  with  caisson  illustrated  this  eve- 
ning, but  obviously  such  arrangements  could  easily  be  made. 

Admiral  Ross:  I  think  many  of  the  gentlemen  present  would  be 
interested  in  the  Naval  Training  Station  now  being  instructed  at 
North  Chicago.  We  have  had  more  problems  to  thresh  out  there 
than  in  any  other  station. 

We  have  there  a  harbor  400  ft.  by  800  ft.,  and  this  question  comes 
in  nicely,  because  the  whole  of  that  harbor  must  have  a  quay-wall 
around  it  for  the  hoisting  out  of  boats  of  all  kinds.  The  boats  are 
hoisted  every  night,  but  during  the  winter  they  are  run  into  a  boat- 
house  that  we  built  on  the  edge  of  this  harbor.  From  the  entrance 
to  the  harbor  it  is  about  650  ft. 

We  cannot  afford  to  use  the  method  of  concrete  caissons  described 
by  Maj.  Judson.  We  are  putting  in  a  crib  similar  to  the  one  Maj. 
Judson  has  shown  us.  It  is  a  very  good  crib  and  a  very  economical 
one.    That  is  carried  out  650  ft.    On  the  end  of  that  is  another  crib 
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placed  at  an  angle  of  45  degrees,  narrowing  the  entrance  of  the 
harbor  to  150  ft.  The  distance  between  piers  is  400  ft.  This  system 
of  concrete  caissons  would  be  the  ideal  one. 

This  plan  for  reinforoed  concrete  caissons  fills  a  want  that  is 
growing  every  day,  on  account  of  the  timber  question  that  is  coming 
up  in  this  country.  They  have  gone  so  far  abroad  as  to  build  boats 
out  of  reinforced  concrete,  and  they  stand  the  wear  and  tear  very 
well ;  they  stand,  not  only  the  shocks  of  the  sea  but  of  vessels  coming 
alongside. 

Col.  C.  McD.  Toumsend,  m.w.s.e.  :  While  believing  that  the  days 
of  the  timber  crib  are  numbered,  I  have  to  invite  attention  to  the 
fact  that  it  has  been  one  of  the  most  useful  of  the  engineering  instru- 
ments employed  in  developing  our  harbors.  Without  it,  it  is  im- 
probable the  commerce  of  the  Great  Lakes  would  have  attained  its 
present  magnitude.  When  the  first  works  of  harbor  improvement 
were  undertaken,  Chicago,  Cleveland,  Buffalo  and  Duluth  were  in- 
significant villages  as  compared  to  their  present  dimensions,  and  if 
the  Engineer  had  even  suggested  a  bre'akwater  costing  $200  per 
running  foot,  it  is  questionable  if  a  large  proportion  of  the  harbors 
along  the  lakes  would  have  been  started.  Economical  construction 
was  a  very  essential  item  in  their  development,  and  the  timber  crib 
in  early  days  was  a  structure  so  cheaply  built  as  to  excite  the  wonder 
of  European  Engineers. 

We  are  hearing  a  great  deal  about  the  conservation  of  our  re- 
sources, and  from  the  statement  made  it  would  appear  to  be  a  general 
opinion  that  the  farmer  who  has  cleared  his  land,  and  the  engineer 
who  has  lavishly  employed  timber  in  construction,  are  in  some  way 
guilty  of  a  crime  against  the  commonwealth.  I  have  to  suggest  that 
our  wonderful  commercial  development  has  been  due  to  this  prodigal 
and  even  wasteful  expenditure  of  our  natural  resources.  We  have 
probably  now  arrived  at  a  period  in  our  history  when  it  is  advisable 
to  economize  in  these  expenditures,  but  if  so,  the  declamation  of 
the  politicians  will  be  of  little  avail.  The  conservor  of  our  resources 
has  and  always  will  be  the  Engineer  who  like  Major  Judson,  when 
the  price  of  an  article  becomes  excessive  suggests  a  substitute. 

The  necessity  of  obtaining  a  substitute  for  the  timber  crib  has 
resulted  not  only  from  the  increase  in  cost  of  timber,  but  also  from 
the  necessity  to  give  greater  strength  to  the  structure  as  the  depths 
of  our  waterways  have  increased. 

In  the  first  pier  construction  extensive  use  was  made  of  slabs,  the 
refuse  of  saw  mills,  or  of  a  pile  structure  filled  with  stone,  but  as  the 
piers  were  extended  into  deeper  water,  timber  cribs  became  neces- 
sary, which  has  gradually  been  strengthened  until  they  reach  their 
final  development  in  the  Cleveland  breakwater,  as  described  in  a  paper 
by  Colonel  D.  C.  Kingman  published  by  the  American  Society  of 
Civil  Engineers  in  1904.  In  this  breakwater  the  cribs  are  given 
sufficient  strength  to  support  a  concrete  superstructure,  anticipating 
the  abandonment  of  timber  construction  above  water.    Major  Judson 
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now  eliminates  all  timber  but  a  platform,  by  making  the  substruc- 
ture of  reinforced  concrete. 

About  twelve  years  ago,  when  in  charge  of  the  harbors  on  the 
eastern  shore  of  Lake  Michigan,  I  noted  the  rapid  increase  in  the 
cost  of  the  timber  crib,  and  suggested  that  the  rubble  mound  would 
ultimately  be  a  cheaper  structure  where  rock  could  readily  be 
obtained.  Authority  was  granted  to  make  the  experiment,  and  at 
Petoskey  and  Clarlevoix  we  built  short  sections  of  rubble  mound 
breakwaters  to  replace  timber  cribs.  The  cores  of  the  breakwaters 
were  composed  of  shale  and  small  stone  covered  with  granite  bould- 
ers from  along  the  lake  shore.  A  novelty  in  their  construction  was 
that  they  were  built  in  the  winter  by  cutting  a  hole  through  the  ice 
through- which  the  material  was  deposited.  The  first  cost  of  these 
breakwaters  was  less  than  if  built  of  timber  cribs,  and  though  of 
much  weaker  design  than  I  would  now  recommend ;  their  cost  of 
maintenance  has  been  less  than  that  of  the  neighboring  timber  struc- 
tures. 

The  rubble  mound  breakwater  has  since  then  been  constructed  at 
numerous  localities  in  the  improvement  of  the  harbors  of  Lake  Erie, 
and  it  is  with  this  type  of  breakwater,  not  the  timber  crib,  that 
the  reinforced  concrete  caisson  will  have  to  compete.  This  revives 
a  discussion  which  has  agitated  European  Engineers  for  the  past  50 
years,  as  to  the  relative  advantages  of  the  rubble  mound  and  vertical 
faced  types  of  breakwater,  and  which  is  ably  summarized  by  Sir  Ver- 
non Harcourt  in  his  work  on  Harbors  and  Docks. 

The  caisson  of  reinforced  concrete  will  enable  a  vertical  faced 
breakwater  to  be  built  more  cheaply  than  those  of  mass  concrete 
such  as  have  heretofore  been  constructed  in  Europe,  but  American 
practice  has  also  led  to  great  economies  in  rubble  mound  construc- 
tion. The  rubble  breakwaters  of  Europe  were  originally  constructed 
of  comparatively  small  stone,  as  at  Portsmouth  and  Cherbourg,  and 
when  exposed  to  wave  action  very  gentle  slopes  were  formed,  so  thai 
an  enormous  mass  of  material  was  required  to  form  the  mound. 
More  recent  practice,  as  illustrated  by  the  breakwaters  at  Port  Said 
and  Alexandria,  has  consisted  in  substituting  for  natural  stone,  con- 
crete blocks  weighing  twenty  tons  each.  These  blocks  will  resist 
wave  action  when  laid  on  a  slope  approaching  one  on  one,  so  that  the 
mound  contains  much  less  material  than  if  composed  of  small  rubble. 
In  our  American  practice,  we  use  the  natural  rock,  but  cover  the 
surfaces  exposed  to  wave  action  with  masses  quarried  to  the  dimen- 
sions of  the  concrete  blocks,  thus  being  able  to  utilize  a  cheap 
material  and  also  reduce  the  volume  to  a  minimum. 

In  the  accompanying  plates  are  shown  cross  sections  of  break- 
waters recently  constructed  at  Manila,  P.  I.,  and  Osaka,  Japan, 
which  illustrate  these  principles.  When  the  Americans  occupied  the 
Philippine  Islands  there  was  under  construction  at  Manila,  a  break- 
water of  the  form  shown  in  Section  1.  The  American  extension  of 
the  breakwater  is  shown  in  Section  2,  and  the  Japanese  breakwater 
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at  Osaka  in  Section  3.  In  the  Spanish  project  the  stone  are  of 
comparatively  small  size.  In  the  American  project  the  stone  covering 
is  in  masses  from  6  to  14  tons  in  weight.  In  the  Japanese  project  the 
covering  is  of  concrete  blocks  of  8  tons  each. 


C  &oss- secr'O/ys   op-  ^r  e  a  k  wat  e  r    at     A'/a/v/lla     f3  / 


Section  I. 


Amer/caa/  /% 


Section  2 


C/?oss-~s£cr/o/v    or  Sreakwat e R    at      Osaka,   Japa, 


Mean  lew  Water 


Secfi 


Scale  in  Feet 


Major  Judson  estimates  the  cost  of  a  breakwater  in  34  feet  of 

water  if  constructed   of  reinforced  concrete  caissons  at  $200  per 

'foot.    The  contract  price  for  the  last  extension  of  the  rubble  mound 

breakwater  at  Cleveland  was  about  $124  per  foot,  though  built  in 

36  feet  of  water. 

Whenever  it  is  necessary  to  have  vertical  faces  to  the  structures, 
as  in  piers  at  the  entrances  to  rivers,  and  in  harbors  of  refuge  where 
vessels  moor  to  the  breakwater,  the  reinforced  caisson  will  replace 
the  timber  crib  now  employed  for  such  purposes,  but  in  ordinary 
breakwater  construction  the  rubble  mound  it  is  believed  will  be  found 
to  be  the  cheaper  structure. 

In  answer  to  Major  Judson's  statement,  94  cents  was  the  price  bid 
for  quarry  run  of  stone;  if  you  select  large  stone  the  cost  will  be 
over  $2.00  per  ton. 
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Maj.  Jndson :  With  reference  to  Col.  Townsend's  remarks,  I  think 
it  is  true  that  most  of  the  caisson  breakwaters  shown  on  the  screen 
could  not  compete  with  the  rubble-mound  breakwater  in  locations 
especially  favorable  for  the  latter, — for  instance,  in  Lake  Erie.  Theie 
the  stone  costs  something  like  $1.00  per  ton. 

Col.  Townsend:  If  you  select  large  stone  it  will  cost  over  $2.00 
per  ton,  but  the  smaller  sizes  can  be  obtained  for  about  94c  per  ton. 

Maj.  Judson :  On  Lake  Michigan,  stone  up  to  say  1  ton,  costs 
$1.40  per  ton,  while  large  stone,  say  5  to  8  tons  each,  costs  about 
$3.00  per  ton.  Thus  a  rubble-mound  or  enrockment  breakwater  in 
Lake  Michigan  would  cost  about  twice  as  much  per  lineal  foot 
as  in  Lake  Erie.  Again,  in  Lake  Erie,  the  caisson  breakwater  men- 
tioned by  Col.  Townsend  as  costing  $200.00  per  lineal  foot,  would 
cost  far  less.  About  half  the  cost  was  for  stone,  and  the  stone  was 
figured  at  $1.40  whereas  in  Lake  Erie  it  would  cost  but  94c,  or 
even  less,  as  the  large  stone,  which  sells  at  $2.00,  would  not  be 
needed  and  could  be  removed  from  the  quarry  run. 

Where  rock,  both  large  and  small,  is  cheap,  as  on  Lake  Erie,  I  am 
disposed  to  think  that  a  better  breakwater  could  be  built  at  the  same 
cost  as  an  enrockment  breakwater  by  employing  shallow  caissons 
for  the  tops,  and  reinforced  concrete  slabs  to  form  the  side-slopes  of 
a  breakwater  otherwise  composed  for  the  most  part  of  small  stone, 
as  illustrated  on  Plate  XXI.  The  difficulty  of  handling,  selecting, 
and  placing  the  large  top  stone  of  the  enrockment  breakwater  would 
be  avoided,  and  under  the  influence  of  storms  there  would,  I  think, 
be  less  displacement.  I  was  for  a  number  of  years  at  Galveston, 
Texas,  in  immediate  charge  of  the  jetty  construction.  Nearly  13 
miles  of  jetty  was  built,  in  water  varying  in  depth  from  o  to  30  ft. 
These  jetties  conained  some  3,000,000  tons  of  stone  placed  almost  ex- 
actly as  Col.  Townsend  has  placed  the  stone  in  his  enrockment  break- 
waters. The  surface  stone,  10  ton  blocks  of  granite,  were  carefully 
laid  so  as  to  constitute  a  paving.  Nevertheless  settlement  and  wave 
action,  acting  independently  or  together,  have  caused  damage  to 
the  Galveston  enrockment  jetties  from  time  to  time,  and  the  cost  of 
their  maintenance  has  not  been  inconsiderable.  I  think  it  is  very 
likely  that  the  cost  of  maintaining  enrockment  breakwaters  will 
exceed  the  cost  of  maintaing  caisson  breakwaters,  whether  the 
caissons  be  deep  or  shallow. 
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Mr.  George  Adgate,  m.w.s.e. 

January  23,  1909. 

Mr.  George  Adgate  was  the  eldest  of  a  large  family  of  children. 
He  was  born  September  28,  1845,  in  Keeseville,  New  York,  and  died 
in  Kansas  City,  Missouri,  on  January  23,  1909;  being  at  that  time 
the  Western  Manager  of  the  Foundation  Company  of  New  York, 
Chicago,  and  New  Orleans. 

His  ancestors  emigrated  from  England  to  Massachusetts  and 
Connecticut  during  the  earliest  colonial  times.  The  family  has  been 
useful  and  influential  in  public  affairs  throughout  its  history.  His 
great-grandfather,  Judge  Matthew  Adgate,  was  a  member  of  the 
New  York  Legislature  and  of  the  convention  which  formulated  the 
first  constitution  of  the  state  of  New  York.  His  grand- father  and 
his  father  were  also  members  of  the  New  York  Legislature. 

Mr.  Adgate  inherited  a  rugged  and  wholesome  physical  and 
mental  constitution.  He  was  engaged  in  public  construction  con- 
tinuously from  the  time  when  he  became  a  young  man  and  may  be 
said  to  have  belonged  to  that  sturdy  class  of  pioneers  who  developed 
and  brought  to  success  the  art  of  putting  in  deep  and  difficult  foun- 
dations. At  no  time  during  his  career  was  he  known  to  be  dis- 
couraged or  cast  down  when  brought  face  to  face  with  the  difficulties 
and  unsolved  problems  of  the  earlier  foundation  builders.  He  pos- 
sessed executive  and  engineering  ability  of  a  high  order  and  com- 
manded the  respect  and  confidence  of  all  his  associates  and  of  the 
engineers  for  whom  he  worked,  by  his  sterling  integrity  and  good 
judgment;  to  the  certain  knowledge  to  the  three  writers  of  this 
memoir,  who  each  had  official  relations  with  Mr.  Adgate,  and  now 
add  their  testimony  of  warm  regard  to  that  of  others. 

After  his  early  education  at  Keeseville  Academy,  Mr.  Adgate 
spent  two  years  keeping  a  store  in  the  oil  regions  of  Pennsylvania. 
After  this,  he  became  connected  with  his  father-in-law,  Mr.  Whit- 
ney, who  was  a  contractor  on  Lake  Chaplain,  and  remained  in  this 
work  for  fifteen  years.  In  1882  he  was  engaged  by  Wm.  Sooysmith 
&  Son  as  a  manager  of  brige  foundation  construction,  they  making 
a  specialty  of  deep  bridge  foundation  work,  and  he  remained  with 
this  firm  and  its  successors  throughout  the  remainder  of  his 
busy  life.  Here  his  sound  judgment  and  experience  were  often 
tested  to  the  utmost,  while  putting  in  foundations  for  some  of  the 
largest  bridges  in  the  largest  rivers  of  this  country,  where  varying 
conditions  of  floods,  of  its  gorges,  and  of  unhealthful  sanitary  sur- 
roundings, had  to  be  anticipated  and  provided  for.  In  this  warfare 
with  the  elements  he  was  fortunate  enough  never  to  lose  a  battle. 
The  following  bear  enumeration  of  the  principal  works  with  which 
he  was  connected  affords  a  fairly  complete  outlook  upon  the  progress 
of  bridge  building  in  the  Middle  States  from  1882  to  1908. 
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In  1883  and  1884  he  was  engaged  in  an  executive  capacity  on  the 
Baltimore  &  Ohio  bridge  across  the  Susquehanna  River  at  Havre 
De  Grace,  Md.,  Wm.  Patton,  Chief  Engineer  5—9  pneumatic  cais- 
sons, 3  open  caissons,  principal  foundations  supervised  by  Mr. 
Adgate. 

1885.     Bridge  across  Trinity  River  at  Fort  Worth,  Texas,   for 


GEORGE    ADGATE 


Gulf,  Colorado,  &  Santa  Fe  Ry.    W.  D.  Sherman,  Chief  Engineer. 
Open  caissons,  pile  foundations. 

1885.  Bridge  across  the  Arkansas  River  at  Van  Buren,  Ark.,  for 
St.  Louis  &  San  Francisco  R.  R.  James  Dun,  Chief  Engineer.  5 
pneumatic  caissons. 
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1886.  Bridge  across  the  Red  River  at  Arthur  City,  Texas,  for  St. 
Louis  &  San  Francisco  R.  R.  James  Dun,  Chief  Engineer.  2  pneu- 
matic foundations. 

1886.  Bridge  across  the  Red  River  at  Gainesville,  Texas,  for  Gulf, 
Colorado  &  Santa  Fe  Ry.  W.  D.  Sherman,  Chief  Engineer.  3 
pneumatic  foundations  and  2  pile  foundations.     (Abutments.) 

1886.  Bridge  across  the  Missouri  River  near  Kansas  City,  Mo., 
for  Chicago,  Milwaukee  &  St.  Paul  R.  R.  D.  Jenkins,  Resident 
Engineer.     4  pneumatic  foundations. 

1887.  Bridge  across  the  Missouri  River  at  Sibley,  Mo.,  for  Atchi- 
son, Topeka  &  Santa  Fe  Ry.  O.  Chanute,  Consulting  Engineer,  J.  F. 
Wallace,  Resident  Engineer.    5  pneumatic  foundations. 

1889.  Bridge  across  the  Colorado  River  at  Nieedles,  Cal.,  for  the 
Atlantic  &  Pacific  Ry.  S.  M.  Rowe,  Chief  Engineer.  One  deep 
pneumatic  foundation — cantilever  bridge. 

1890  to  1893.  Bridge  across  the  Missouri  River  at  Sioux  City, 
Iowa,  for  the  Pacific  Short  Line  R.  R.  Co.  J.  A.  L.  Wadell,  Con- 
sulting Engineer,  Lee  Treadwell,  Resident  Engineer.  5  pneumatic 
caissons,  2  open  steel  cylinder  piers. 

1898.  Bridge  across  the  Ottawa  River  at  Ottawa,  Ont,  for  the 
International  Bridge  Co.  G.  H.  Massey,  Resident  Engineer.  5  deep 
open  caissons. 

1898.  Bridge  across  the  Missouri  River  at  Glasgow,  Mo.,  for 
Chicago  &  Alton  R.  R.  W.  D.  Taylor,  Chief  Engineer.  3  pneu- 
matic and  2  open  cofferdam  caissons. 

1899.  Bridge  across  the  Des  Moines  River  near  Boone,  Iowa,  for 
the  Chicago  &  Northwestern  Ry.  E.  C.  Carter,  Chief  Engineer.  8 
pneumatic  cylinder  piers  and  trestle  foundations. 

1899.  Bridge  across  the  Thames  River  at  Chatham,  Ont.,  for 
Lake  Erie  &  Detroit  River  R.  R.  O.  McKay,  Chief  Engineer. 
Open  caissons  and  pile  foundations. 

1902.  Bridge  across  the  Missouri  River  at  Platsmouth,  Neb.,  for 
Chicago,  Burlington  &  Quincy  R.  R.  C.  H.  Cartlidge,  Bridge  Engi- 
neer.   One  pneumatic  caisson. 

1902  and  IQ03.  Bridge  across  the  Missouri  River  at  Omaha, 
Neb.,  for  the  Illinois  Central  R.  R.  J.  A.  L.  Wadell,  Consulting 
Engineer.  3  pneumatic  caissons,  2  deep  open  cylinders,  and  8  open 
cofferdams. 

1905.  Bridge  across  the  Kaw  River  at  Kansas  City,  Mo.,  for 
Chicago,  Rock  Island  &  Pacific  R.  R.  J.  B.  Berry,  Chief  Engineer, 
A.  D.  Page,  Bridge  Engineer.    One  pneumatic  pier,  2  open  caissons. 

1906.  Bridge  across  the  Des  Moines  River  at  Harvey,  Iowa,  for 
the  Chicago,  Rock  Island  &  Pacific  R.  R.  3  open  cofferdams,  pile 
foundations. 

1908.  Bridge  across  the  Mississippi  River  at  Clinton,  Iowa,  for 
Chicago  &  Northwestern  Ry.  E.  C.  Carter,  Chief  Engineer,  F.  E. 
Bainbridge,  Resident  Engineer.  3  pneumatic  piers  to  bed  rock,  14 
piers  on  piles  in  cofferdams. 
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In  addition  to  this  he  was  the  engineer  in  charge  of  the  building 
of  the  present  Water  Works  at  Des  Moines,  Iowa.  Built,  in  1888, 
the  Crabtree  Lighthouse  at  Bar  Harbor,  and  lighthouse  at  Deer 
Island,  Boston  Harbor,  for  the  United  States  Government.  In  1897 
he  built  a  dam  across  the  Apple  River  at  Somerset,  Wis.,  in  1889  a 
dam  across  the  Montmorency  River  near  Quebec,  P.  Q.,  and  in  1905 
had  charge  of  the  foundations  of  the  Inter  City  Viaduct  at  Kansas 
City,  Mo. — Wadell  &  Hedrick,  Consulting  Engineers. 

Personally,  Mr.  Adgate  was  kind,  just  and  lovable,  and  a  man 
of  sterling  integrity.  He  was  esteemed  for  those  traits  by  all  who 
knew  him  and  conserved  to  the  last  the  highest  regard  of  his  profes- 
sional associates,  among  whom  the  present  writers  are  glad  to  be 
classed,  for  his  ability  and  character. 

He  was  elected  a  member  of  the  Western  Society  of  Engineers, 
June  18,  1901. 

He  was  married  September  10,  1866,  to  Miss  Martha  Whitney, 
lately  deceased,  and  leaves  a  daughter,  Mrs.  I.  R.  Dean  of  New 
Britain,  Conn.,  and  a  son,  Frederick  W.  Adgate  of  Chicago,  111. 

O.  Chanute, 
W.  H.  Finley, 
C.  H.  Cartlidge, 
Committee. 


Thomas  Taylor  Johnston 
February  22,  1909. 

Thomas  Taylor  Johnston  was  born  in  Piqua,  Ohio,  August  8, 
1856. 

His  boyhood  was  spent  in  Washington,  D.  C,  and  his  early  edu- 
cation was  obtained  in  the  schools  of  that  city.  At  the  age  of  17 
he  entered  the  Rensselaer  Polytechnic  Institute,  Troy,  N.  Y.,  and 
was  graduated  with  the  Class  of  1877,  receiving  the  degree  of  C.  E. 
His  first  employment,  begun  shortly  after  graduation,  was  under 
Col.  Casey,  Engineer  Corps,  U.  S.  A.,  at  Washington,  D.  C,  where 
he  remained  for  one  year.  Next  he  was  employed  for  several 
months  on  Government  Surveys  of  the  Upper  Mississippi  River,  and 
in  December,  1878,  began  service  on  the  Mississippi  and  Missouri 
Rivers  under  Major  Charles  R.  Suter,  of  the  Corps  of  Engineers, 
U.  S.  A.  He  was  employed  under  Major  Suter  and  later  under 
the  Mississippi  and  Missouri  River  Commissions  continuously  for 
about  eight  years.  His  first  duties  were  as  chief  assistant  engineer 
with  a  hydraulic  observation  party  on  the  New  Madrid  reach  of  the 
lower  Mississippi,  stationed  at  Point  Pleasant,  Mo.  Later  he  was  in 
charge  of  the  improvement  of  the  Gasconade  River  in  Missouri, 
but  his  most  important  work  from  a  technical  standpoint  in  con- 
nection with  his  eight  years  of  Government  employment  was  his 
exhaustive  study  of  the  great  volume  of  hydraulic  data  collected 
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by  numerous  field  parties  on  the  Mississippi  and  its  tributaries.  The 
complete  tabulation  and  study  of  this  mass  of  carefully  collected 
data,  combined  with  his  natural  bent  for  engineering  investigation, 
was  the  ground  work  of  his  remarkable  knowledge  of  hydraulics. 
The  results  of  his  work  during  this  period  are  liberally  set  forth  in 
the  published  reports  of  the  Chief  of  Engineers  of  the  U.  S.  Army. 
In  the  fall  of  1886  Mr.  Lyman  E.  Cooley,  Chief  Assistant  Engi- 
neer to  the  Drainage  and  Water  Supply  Commission  of  Chicago, 
having  need  of  special  assistance  upon  hydraulic  problems,  sent  for 
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Mr.  Johnston  and  assigned  to  him  the  work  of  making  a  study  of 
the  known  experimental  data  respecting  the  flow  of  water  in  regular 
channels  with  a  view  to  its  application  on  the  proposed  Chicago 
Sanitary  Canal.  On  this  work  he  was  engaged  for  about  one  year. 
He  then  accepted  an  engagement  at  Memphis,  Tenn.,  and  was 
there  employed  as  Chief  Engineer  in  the  construction  of  the  new 
water  works  until  early  in  1890,  when  on  the  organization  of  the 
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first  Board  of  Trustees  of  the  Sanitary  District  he  was  again  called 
to  Chicago  by  Mr.  Lyman  E.  Cooley,  its  first  Chief  Engineer.  Mr. 
Johnston  was  placed  in  charge  of  the  Division  of  Physical  Research 
and  of  all  observations  for  obtaining  hydraulic  data  and  also  in 
charge  of  the  special  studies  to  determine  the  most  economical  pro- 
portions for  the  Sanitary  Canal. 

In  December,  1890,  Mr.  Cooley  ceased  to  be  Chief  Engineer,  and 
through  loyalty  to  his  Chief,  and  with  a  number  of  other  Assistant 
Engineers,  Mr.  Johnston  resigned  and  resumed  his  work  at  Mem- 
phis. Early  in  1892,  after  the  re-organization  of  the  Board  of  Trus- 
tees of  the  Sanitary  District,  Mr.  Johnston  returned  and  continued 
the  work  of  his  former  position  and  completed  his  hydraulic  investi- 
gations respecting  the  channel.  These  were  afterwards  printed  as 
a  series  of  extensive  tables. 

Mr.  Johnston  later  became  Assistant  Chief  Engineer,  and  had 
charge  of  the  Division  of  General  Engineering.  At  times  he  acted 
as  Chief  Engineer.  As  head  of  the  Division  of  General  Engineering 
Mr.  Johnston  had  charge  of  "the  preparation  of  plans  for  struc- 
tures ;  the  calculation  and  determination  of  all  questions  pertaining 
to  the  hydraulic  problems  met  with  in  the  work;  surveys  and  esti- 
mates for  all  work  to  be  done ;  the  testing  of  material,  flood  meas- 
urements, etc."  He  gave  special  attention  to  the  Desplaines  River 
Diversion  and  had  individual  charge  of  the  spillway  above  Summit. 
He  also'  had  special  charge  of  the  design  and  construction  of  the 
Bear  Trap  Dam  and  Controlling  Works  near  Lockport. 

In  1898  Mr.  Johnston's  services  were  in  demand  for  commercial 
work  and  his  employment  was  changed  to  that  of  Consulting  Engi- 
neer of  the  Sanitary  District,  in  which  position  he  continued  until 
about  1900. 

Mr.  Johnston's  connection  with  the  engineering  features  of  the 
Drainage  Canal  was  important  in  that  from  the  early  study  under 
the  Drainage  and  Water  Supply  Commission  to  the  putting  of  the 
channel  in  service  he  was  in  immediate  charge  of  the  study  and  solu- 
tion of  the  important  hydraulic  problems  involved,  as  well  as  the 
design  of  the  important  works  of  construction. 

Mr.  Johnston's  connection  with  the  Memphis  Water  Works,  be- 
gun at  its  inception,  was  practically  continuous  either  as  Chief  Engi- 
neer or  as  Consulting  Engineer  up  to  the  time  of  his  death.  He  di- 
rected all  construction  work  and  advised  as  to  improvements  and 
extensions.  Under  his  supervision  it  has  become  the  largest  ar- 
tesian system  in  the  country,  if  not  in  the  world.  It  was  the  first 
tunnel  gravity  system  constructed  in  connection  with  an  artesian 
supply,  and,  to  quote  the  present  Chief  Engineer,  "is  today  a  monu- 
ment to  the  remarkable  boldness  of  Mr.  Johnston's  engineering 
designs." 

The  Savannah  (Ga.)  Water  Works,  an  artesian  supply  involving 
some  of  the  novel  features  of  the  Memphis  plant,  was  designed  ami 
built  by  him,  1891  to  1893. 
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Mr.  Johnston's  work  in  the  design  and  construction  of  Hydro- 
Electro  Power  Plants  includes  the  following:  Snoqualmie  Falls 
Plant  (Washington),  1898-1900;  Economy  Light  and  Power  Com- 
pany'? Plant,  Jackson  Street,  Joliet,  1899;  Swan  Falls  (Idaho) 
Plant  for  the  Trade  Dollar  Consolidated  Mining  Company,  about 
1902  and  enlarged  in  1907;  Oliver  Chilled  Plow  Company's  Plant 
on  St.  Joseph  River,  South  Bend,  Ind.,  1904  and  1905.  Besides 
these  he  was  employed  in  a  consulting  capacity  on  a  great  number 
of  projects  and  as  designing  engineer  on  numerous  minor  power 
plants. 

The  Snoqualmie  plant  possesses  many  novel  features.  The  Falls 
have  a  vertical  drop  of  270  feet,  as  against  163  feet  at  Niagara,  and 
the  banks  below  the  Falls  rise  in  nearly  vertical  precipices  on  either 
side,  affording  no  suitable  site  for  a  power  house.  The  power 
house,  which  is  40  feet  by  200  feet,  and  located  at  a  depth  of  about 
250  feet  below  the  upper  level,  was,  therefore,  cut  out  from  the 
solid  rock  about  50  feet  back  from  the  stream  and  about  300  feet 
above  the  Falls.  It  is  reached  by  means  of  a  hydraulic  elevator, 
which,  with  two  7^  foot  steel  penstocks,  descends  to  the  power 
house  through  a  vertical  shaft.  A  tail  race,  12  feet  wide  by  24  feet 
high,  leads  out  650  feet  also  through  solid  rock  to  the  river  below 
the  Falls.  The  gate  valves,  each  weighing  23,000  pounds,  were  the 
largest  valves  in  the  world  operated  under  such  high  pressure.  The 
plant  developed  30,000  to  100,000  H.P.  with  a  still  further  in- 
crease to  200,000  H.P.  possible.  The  current  is  carried  at  30,000 
volts  through  aluminum  conductors  to  Seattle  and  Tacoma,  25  and 
34  miles  away.  The  many  striking  features  of  this  plant  show  Mr. 
Johnston's  characteristic  originality  of  design  and  fearlessness  in 
carrying  out  difficult  works  of  construction. 

The  Economy  Plant,  built  under  his  direction,  includes  dam, 
power  house  and  installation  for  developing  8,500  H.P.  from  13 
foot  head. 

The  Swan  Falls  Plant  involved  some  very  difficult  problems  in 
dam  construction,  a  reinforced  concrete  power  house  with  traveling 
crane,  and  installation  in  1902  for  developing  3,000  H.P.  from  a 
19  foot  head,  and  an  addition  to  both  power  house  and  equipment  in 
1907  doubling  the  capacity,  of  the  Plant. 

The  Plant  at  South  Bend  included  the  entire  structural  and  me- 
chanical equipment  for  developing  2,000  H.P.  under  a  15  foot  head, 
and  is  one  of  the  most  compact  and  modern  plants  of  its  kind  in 
existence. 

The  Kankakee  Dam  is  a  reinforced  concrete  structure  of  the 
face  and  buttress  type,  520  feet  long  and  9  feet  high. 

In  1900  Mr.  Johnston  designed  and  directed  the  construction  of 
a  reinforced  concrete  aqueduct  to  carry  the  Pecos  Irrigation  Com- 
pany's irrigation  canal  over  the  Pecos  River  near  Carlsbad,  N.  M. 
The  aqueduct,  which  is  500  feet  long  and  20  feet  by  20  feet  in  cross 
section  with  reinforced  side  walls,  is  carried  on  four  reinforced  con- 
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crete  arches.    The  work  is  of  unique  design,  and  has  attracted  much 
attention  among  engineers. 

The  Chicago  Subway  Report,  with  which  Mr.  Johnston  was  con- 
nected as  Assistant  Chief  Engineer  in  charge  of  the  Division  to 
which  this  work  was  entrusted,  will  stand  as  a  monument  to  his 
capacity  for  concise,  rapid  work.  The  three  Volumes  represent  a 
very  small  portion  of  the  information  collected  on  a  variety  of  sub- 
jects from  many  sources.  The  Report  was  printed  and  ready  for 
distribution  in  less  than  six  months  from  the  time  he  received  his 
instructions  to  supervise  this  great  work. 

Mr.  Johnston  was  second  Vice  President  of  the  Western  Society 
of  Engineers,  1895-1896;  first  Vice  President,  1896-1897,  and  Presi- 
dent, 1 897- 1 898.  He  took  an  active  interest  in  the  publication  of 
the  Western  Society  Journal,  contributing  many  papers,  and  did 
much  to  bring  it  to  its  present  high  standard. 

In  his  profession  he  was  able  and  energetic,  with  a  high  concep- 
tion of  professional  integrity  and  of  the  responsibilities  which  his 
many  employments  involved.  He  was  untiring  in  his  work  and 
reached  his  conclusions  with  care  but  with  remarkable  rapidity. 

As  a  friend  he  was  staunch  and  true.  His  ideals  were  of  the 
highest  order  and  he  was  looked  up  to  by  his  associates  and  sub- 
ordinates alike.  He  never  faltered  in  his  loyalty,  and  he  was  ever 
ready  to  devote  his  time  and  talents  to  the  assistance  of  others. 

Mr.  Lyman  E.  Cooley,  under  whom  he  was  an  Assistant  Engi- 
neer for  some  time  in  his  earlier  experience,  says  of  him :  "He  was  a 
loyal  and  capable  Assistant  and  thoroughly  grounded  in  the  tech- 
nique of  his  profession.  He  had  great  industry  and  application  and 
a  special  scent  for  research  in  his  chosen  field.  He  was  self-reliant 
and  bold  in  his  conceptions  and  confident  in  their  execution.  With 
ripening  experience  and  advancing  years  he  was  rapidly  taking  a 
position  of  leadership  in  our  profession." 

Mr.  Johnston  was  married  shortly  after  his  graduation  to  Miss 
Minnie  Breiininger,  who,  with  three  sons,  survives  him.  .  His  death 
occurred  February  22,  1909,  after  an  illness  of  one  week. 

John  Ericson, 
E.  C.  Shankland, 
J.  H.  Sawyer, 
:  Committee. 
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PROCEEDINGS  OF  THE  SOCIETY 

MINUTES  OF  THE  MEETINGS. 

Regular  Meeting,  June  2,  1909. 

A  regular  meeting  of  the  Society  (No.  666)  was  held  Wednesday  evening, 
June  2nd.  The  meeting  was  called  to  order  about  8:30  P.  M.,  with  Presi- 
dent Allen  in  the  chair,  and  with  but  a  small  attendance — about  35 — owing 
to  the  inclemency  of  the  weather.  The  minutes  of  the  meetings  of  May  5th, 
May  19th,  and  May  27th  were  read  and  approved. 

The  Secretary  reported  from  the  Board  of  Direction  that  at  their  meeting 
held  June  1st,  the  following  were  elected  into  membership: 

George  W,  Fry,  Charlottesville,  Va ? Active 

Wm.   G.    Evans,    Chicago Active 

C.  A.  Baughman,  Marshalltown,  Iowa Active 

Edward   Zaremba,   Chicago    Active 

Horace    B.    McCabe,    Chicago    Active 

Victor  Guillemin,   Milwaukee,   Wis Active 

Rudolph    F.    Kelker,    Jr.,    Chicago Active 

Herbert   W.   Young,    Chicago Associate 

Wm.   H.   Petersen,  Oak  Park,  111 Active 

Samuel   B.   Flagg,   Pittsburg,   Pa Active 

Also  that  the  following  had  applied  for  membership : 

Wm.    Rodney    Patterson,    Chicago Active 

Rudolph  G.  Rosenbach,  Chicago    Active 

Howard   M.    Raymond,    Chicago Active 

Bernard    R.    McBride,    Madison,    Wis Junior 

Tom  Russell  Wyles,  Chicago   Associate 

The  Secretary  presented  from  the  Board  of  Direction  the  following  cor- 
respondence with  General  Grenville  M.  Dodge,  of  Council  Bluffs,  Iowa : 

Chicago,  May  18,   1909. 
General  Grenville  M.  Dodge,  Council  Bluffs,  Iowa. 
My  Dear  General  : 

Your  services  to  your  country  during  the  Civil  War,  and  in  railroad  con- 
struction in  the  past,  have  been  so  notable  that  many  engineers  connected 
with  this  Society  desire  to  express,  in  some  way,  their  appreciation  of 
your  work.  Accordingly  a  petition  has  been  presented  to  the  Board  of 
Direction  of  this  Society,  asking  that  you  be  elected  an  Honorary  Member 
of  the  Society,  as  provided  for  in  our  By-Laws,  a  copy  of  which  goes  to  you 
under  a  separate  cover.  The  Board  of  Direction  has  acted  upon  this  petition 
by  unanimously  electing  you  an  Honorary  Member.  It  is  their  hope  and 
desire  that  you  will  accept  this  election  and  will  so  advise  the  Secretary. 

May  we  have  the  pleasure  of  hearing  from  you  at  your  early  conveni- 
ence. Vefy  respectfully  yours, 

J.   H.   Warder,   Secretary. 

Council  Bluffs,  Iowa,  May  20,   1909. 
Mr.  J.  H.  Warder,  Sec'y  Western  Society  of  Engineers, 

1735  Monadnock  Block,  Chicago,  111. 
Dear  Sir  : 

I  am  in  receipt  of  yours  of  May  18th,  and  I  wish  to  say  that  I  appreciate 
fully  the  honor  paid  me  by  the  Western  Society  of  Engineers  and  I  accept 
it  with  my  sincere  thanks. 

I  know  that  these  organizations  are  a  great  benefit  to  the  profession  and 
to  the  country  and  have  always  regretted  that  I  did  not,  in  the  early  days, 
join  some  one  of  them,  but  my  duties  were  such  that  it  was  impossible  for 
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me  to  attend  them ;  therefore,  I  neglected  it.  So  yon  can  see  how  fully  I 
appreciate  the  action  of  your  society.  My  meeting  with  them  was  a  very 
pleasant  one  and  I  was  glad  to  see  the  loyalty  of  the  Society.  Our  profession 
is  one  that  has  never  received  the  credit  nor  the  standing  in  the  United 
States  that  it  deserves,  and  this  comes  from  the  fact  that  the  members  of  it 
have  not  presented  to  the  public  their  works.  Most  of  them  are  connected 
with  railroads  and  they  follow  their  example,  and  except  for  the  past  few 
years,  it  was  very  seldom  that  a  railroad  man  defended  his  acts  or  went 
before  the  public  and  used  the  press.     I  think  this  is  a  mistake. 

Will  you  please  express  to  the  Society  my  grateful  thanks  for  the  honor 
they  have  conferred  upon  me. 

I  am,  Truly  and  cordially, 

Grenville  M.  Dodge. 

Referring  to  the  resolution  passed  by  the  Society  at  the  regular  meeting 
of  May  5th,  relating  to  the  appointment  of  engineers  on  a  "Commission  to 
Revise  and  Codify  the  Building  Laws  of  the  State  of  Illinois,''  a  measure 
before  the  State  Legislature,  the  President  explained  what  had  been  done  by 
the  Society,  including  the  sending  to  Springfield  of  our  fellow  member,  Mr. 
J.  G.  Giaver,  and  asked  the  Secretary  to  read  a  letter  from  Mr.  Giaver,  which 
showed  the  success  of  his  mission : 

Chicago,   May  29,   1909. 
Western  Society  of  Engineers, 

Chicago,  111. 
Dear  Sirs  : 

As  requested  by  your  President,  Mr.  Allen,  I  went  to  Springfield  in  the 
interest  of  the  bill  now  before  the  State  Legislature  to  create  a  Commission 
whose  duty  it  will  be  to  codify  the  State  Building  Laws. 

I  found  that  the  bill,  after  the  first  reading,  was  referred  to  the  Committee 
on  Municipalities.  I  had  it  reported  out  of  this  Committee  and  advanced  to 
the  third  reading  in  the  Senate.  It  will  probably  be  passed  by  the  Senate 
today,  unless  the  Senate  should  retaliate  on  the  House,  which  last  night 
passed  a  motion  to  lay  on  the  table  all  Senate  bills  which  were  before  the 
House  on  the  second  and  third  readings. 

As  the  bill  now  stands  it  provides  for  the  appointment  of  two  representa- 
tives from  the  Western  Society  of  Engineers,  two  from  the  Architects' 
Bodies,  and  one  from  the  Underwriters  Association ;  the  State  Architect 
shall  be  a  member  of  the  Commission  and  act  as  Chairman  of  same,  one 
representative  from  the  Builders'  Association,  and  two  to  be  appointed  by  the 
Governor  at  large,  making  a  total  of  nine  members.  The  Architects  will  thus 
have  three  representatives,  and  if  the  representative  from  the  Fire  Under- 
writers' Association  is  a  member  of  the  Engineering  Society,  as  he  probably 
will  be,  there  will  be  three  engineers.  If  we  can  then  induce  the  Governor 
to  appoint  a  man,  for  instance  such  as  Prof.  Talbot,  the  engineers  will  be 
fairly  well  represented.  Yours  very  truly, 

Joachim  G.  Giaver. 

The  text  to  the  bill  is  as  follows : 

Section  1.  Be  it  enacted  by  the  people  of  the  State  of  Illinois  represented 
in  the  General  Assembly :  That  the  Governor  be  and  he  is  hereby  empowered 
and  directed  to  appoint  a  commission  to  be  konwn  as  "The  Commission  to 
Revise  and  Codify  the  Building  Laws  of  the  State  of  Illinois.''  to  be  composed 
of  nine  members  selected  as  follows  :  One  member  from  the  Illinois  Chapter 
of  the  American  Institute  of  Architects ;  two  members  from  the  Western 
Society  of  Engineers;  one  member  representing  the  National  Board  of  Fire 
Underwriters  residing  in  this  State;  one  member  from  the  State  Board 
of  Examiners  of  Architects ;  one  member  from  the  Building  Contractors' 
Council ;  and  two  members  appointed  at  large.  The  State  Architect  shall  also 
be  made  a  member  of  said  commission,  and  shall  act  as  its  chairman  :  Pro- 
vided, if  the  office  of  State  Architect  is  vacant  through  resignation  or  other- 
wise the  Governor  shall  appoint  a  chairman  for  said  commission. 
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Section  2.  The  duties  of  said  commission  shall  be  to  make  such  investi- 
gation into  the  subject  of  building'  laws  in  force  in  other  states  as  it  may  deem 
necessary,  and  to  consider  all  the  laws  in  force  in  the  State  of  Illinois  bearing 
on  that  subject,  with  tke  object  in  view  of  revising  and  codifying  the  laws 
of  this  state  which  pertain  to  the  subject  of  buildings.  In  the  report  which 
such  commission  makes,  as  hereinafter  provided,  it  shall  recommend  to  the 
General  Assembly  such  legislation  as  will  properly  regulate  the  construction, 
sanitation  and  protection  from  fire  of  all  buildings  of  a  public  nature,  or  where 
large  numbers  of  people  shall  congregate,  such  as  hotels,  theatres,  schools, 
churches  and  other  buildings  for  public  assembly,  department  stores,  factories, 
tenement  houses,  hospitals,  and  buildings  for  charitable,  penal  and  reforma- 
tory institutions,  so  that  the  greatest  measure  of  safety  to  life  and  limb  and 
property  may  be  assured  to  the  people  of  the  State  of  Illinois. 

Section  3.  The  Commission  shall  be  allowed  their  traveling  and  other 
necessary  expenses,  and  it  is  hereby  empowered  to  employ  a  secretary,  at  a 
reasonable  compensation,  not  to  exceed  $5  per  day  for  each  day  actually 
engaged  in  the  service  of  said  commission,  and  such  compensation  together 
with  the  necessary  expenses  of  said  commission  shall  be  allowed  and  paid, 
on  the  presentation  of  bills,  approved  by  the  Governor,  out  of  the  funds 
of  the  State  Treasury  not  otherwise  appropriated. 

Section  4.  The  said  commission  shall  make  its  report  with  such  proposed 
legislation  accompanying  the  same  to  the  Governor  of  this  State  on  or  before 
January  1,   1910. 

Mr.  W.  H.  Finley,  speaking  on  behalf  of  the  Committee,  consisting  of 
Messrs.  Finley,  Armstrong,  Modjeski,  Horton,  Allen,  Dart,  and  Prior,  which 
had  been  appointed  to  collect  data  relating  to  tests  to  destruction  of  full 
sized  compression  members,  stated  that  so  much  work  had  already  been 
done  by  other  societies,  and  reports  published,  including  the  report  by  the 
Canadian  Commission  on  the  failure  of  the  Quebec  Bridge,  that  the  Com- 
mittee did  not  consider  it  necessary  to  duplicate  the  work  already  done  and 
asked  to  be  discharged.  On  motion  the  Committee  was  discharged  at  their 
own   request. 

A  motion  was  made,  seconded  and  carried  that  the  usual  meetings  in 
July  and  August  be  dispensed  with,  as  is  customary. 

The  President  then  introduced  Mr.  J.  F.  Jackson,  m.w.s.e.,  who  presented 
his  paper  on  "Some  Observations  on  the  Stability  of  Dams."  Discussion 
followed  from  Messrs.  L.  K.  Sherman,  W.  H.  Finley,  F.  H.  Bainbridge,  C.  B. 
Burdick,  I.  F.  Stern,  R.  J.  Mershon,  and  the  Chairman,  with  some  remark? 
in  conclusion  from  Mr.  Jackson. 

The    meeting   adjourned    about   9:50    P.    M. 

Extra  Meeting,  June  16,  1009. 

At  an  extra  meeting  of  the  Society  (No.  667)  was  held  Wednesday  eve- 
ning, June  16th.  The  meeting  was  called  to  order  about  8:30  P.  M.  with 
President  Allen  in  the  chair  and  about  75  members  and  guests  present. 

There  was  no  business  to  bring  before  the  Society,  so  President  Allen 
presented  the  subject  for  the  evening  and  introduced  Mr.  George  Weston, 
m.w.s.e.,  who  read  his  paper  on  the  "Reconstruction  of  the  Street  Railway 
Tracks  in  Chicago."  Use  was  made  of  some  lantern  slide  views  to  explain 
the  paper.     The  "Deflector"  was  also  exhibited  and  explained. 

Discussion  followed  from  Messrs.  H.  B.  Fleming,  P.  E.  Green.  E.  N. 
Layfield,  R.  F.  Kelker,  Jr.,  C.  R.  Dart,  W.  F.  Graves,  and  Mr.  Goodenough, 
with  a  closure  by  Mr.  Weston. 

The  announcement  was  made  that  the  meetings  of  the  Society  would  be 
dispensed   with  until  Wednesday,   September   1,   1909. 

The  meeting  adjourned  about  11  P.  M. 

J.  H.  Warder,  Secretary. 
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Heat  Energy  and  Fuels.      By  Hanns  V.  Juptner,   Professor  Imperial  and 

Royal    Technical    Institute,    Vienna,   translated   by   Oskar    Nagel,    Ph.    D. 

McGraw  Publishing  Co.,  New  York,   1908.     Cloth,  6*4  by  gl/2  in.     Price 

$3.00  net. 

This  is  a  volume  of  300  pages  devoted  entirely  to  pyrometry,  combustion, 
analysis  of  fuels,  manufacture  of  charcoal,  coke  and  fuel  gases,  etc.  The 
first  chapters  contain  an  introduction  and  a  discussion  of  forms  of  energy. 
The  specific  matter  begins  with  a  chapter  on  Measurement  of  High  Tempera- 
tures, followed  by  others  on  Pyrometry,  Combustion  Heat  and  its  Determina- 
tion, Indirect  Methods  for  Determining  Combustion  Heat,  Incomplete  Com- 
bustion, Combustion-Temperature,  Fuels  in  General,  Wood,  Fossil  Fuels  in 
General,  Peat,  Brown  Coal  (Lignite),  Bituminous  and  Anthracite  Coals, 
Artificial  Solid  Fuels,  Charcoal,  Peat-Coal  Coke  and  Briquettes,  Cooking 
Apparatus,  Liquid  Fuels,  Gas  Fuels,  Producer  Gas,  Water  Gas,  and  Gas 
Producers,  which  serve  to  indicate  the  scope  of  the  work.  The  matter  is 
accompanied  by  very  full  mathematical   demonstration. 

This  book,  like  many  others,  has  been  prepared  more  particularly  by  a 
teacher  for  use  in  his  classes.  Its  scope,  however,  has  been  somewhat  ex- 
tended to  make  it  available  for  general  use  outside  of  the  class  room,  and  it 
is  cause  for  regret  that  before  preparation  for  publication,  the  author  or 
translator  did  not  bring  the  matter  up  to  date.  For  example,  in  the  chapters 
on  Pyrometry  and  the  Measurement  of  High  Temperatures,  no  mention  is 
made  of  the  later  forms  of  electrical  resistance  pyrometers,  nor  of  the  pneu- 
matic pyrometer. 

The  description  of  methods  for  determining  heat  development  by  com- 
bustion is  confined  to  the  Mahler  and  Parr  calorimeters,  and  Bethier's  method. 
This  is  well,  as  it  excludes  a  large  variety  of  more  or  less  inefficient  apparatus 
in  which  the  engineer  has  no  interest.  No  notice,  however,  has  been  taken  of 
the  recently  discovered  and  now  well  known  errors  of  the  Parr  instrument. 

While  the  book,  everything  considered,  is  a  valuable  one,  and  in  fact,  the 
most  useful  publication  of  the  kind  coming  to  the  notice  of  the  reviewer,  it 
is  evident  that  it  has  been  written  by  one  having  limited  experience  in  the 
practical  field.  For  example,  on  page  229,  in  Table  CVII,  giving  the  composi- 
tion of  lignite  briquettes,  ash  is  given  as  5.59  to  5.95  percent,  without  attention 
being  called  to  the  fact  that  the  composition  would  necessarily  vary  through 
wide  ranges,  due  to  the  employment  of  material  having  a  variable  ash  con- 
tent, and  such  composition  as  presented  would  have  application  only  in  the 
specific  instance  quoted.  A.  B. 

Remaking  The  Mississippi.  By  John  Lathrop  Mathews.  Houghton  Mifflin 
Co.,  Boston  and  New  York,  1909.  265  pages  including  index,  with  illus- 
trations.   5l/2  by  8  in.,  cloth,  $1.75  net. 

In  the  present  very  general  interest  in  waterways  and  the  "Conservation 
of  our  Natural  Resources,"  this  book  is  very  opportune  and  full  of  interest 
to  an  intelligent  reader  at  all  concerned  in  the  above  subjects.  The  book  has 
some  illustrations  and  gives  a  very  comprehensive  mental  picture  of  the 
great  Mississippi  Valley  which  includes  all  of  the  drainage  area  of  the 
"Father  of  Waters."  There  is  not  too  much  of  the  technical  for  the  general 
reader,  and  for  this  reason  the  army  engineers  who  have  been  engaged  on  the 
improvements  of  the  Ohio,  Mississippi,  and  Missouri  Rivers  may  not  find  the 
work  of  much  value  to  them,  yet  they  could  not  deny  the  charm  of  style  and 
manner  of  the  author,  and  might  obtain  a  wider  and  more  comprehensive  view 
of  what  has  been  done  in  the  remaking  of  the  Mississippi  river. 

Some  of  the  chapter  headings  are:  "The  Mississippi  System."  "The 
Hydrology  of  the  System,"  "Controlling  the  Major  Bed,"  "Levee  Building 
and  Maintenance,"  "The  Minor  Bed  and  Regularization,"  "The  River  Mouth," 
etc.,  with  a  chapter  on  "The  Lakes  to  the  Gulf,"  a  subject  of  much  importance 
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and  which  has  been  discussed  many  times  before  this  Society.  The  chapter 
on  "The  River  Mouth,"  is  a  fine  tribute  to  the  genius  of  that  great  engineer, 
Capt.  J.  B.  Eads,  and  explains  quite  fully  what  he  planned  and  accomplished. 

The  fundamental  differences  of  the  characteristics  of  the  Ohio,  the  Upper 
Mississippi,  the  Missouri,  and  the  "lower  river"  are  clearly  put  forth  and  the 
necessity  of  change  in  the  engineering  work,  required  by  these  different  con- 
ditions. The  author  states  forcibly  the  necessity  of  the  treatment  of  all 
of  the  waterways  and  tributaries  of  this  great  valley,  extending  from  the 
Appalachians  to  the  Rocky  Mountains,  and  from  the  Great  Lakes  to  the 
Gulf  of  Mexico,  in  a  broad  comprehensive  manner,  which  should  include  the 
formulation  of  a  standardization  of  the  work  to  be  done  on  the  various  tribu- 
taries, according  to  their  extent  and  character.  The  possibility  of  financial 
return,  through  hydro-electric  projects,  on  the  great  outlays  of  the  federal 
government  in  these  river  improvements,  is  brought  out.  Some  idea  of 
what  these  river  improvements  have  cost  the  country  in  actual  cash  outlay  is 
shown  in  sundry  tables  of  expenditures. 

The  book  is  well  printed,  is  pleasant  to  handle  and  delightful  to  read 
by  one  who  desires  to  have  an  intelligent  understanding  of  this  great  sub- 
ject. 

[Those  interested  in  this  subject  will  find  two  valuable  papers  in  the 
Transactions  Am.  Soc.  C.  E..  Vol.  LXIII,  June,  1909, — viz. :  "The  Floods  of  the 
Mississippi  Delta ;  their  Causes  and  Suggestions  as  to  their  Control,"  by  Wm. 
D.  Picket,  and  "Improvement  of  the  Ohio  River,"  by  Wm.  L.  Sibert.] 

Simplified  Methods  of  Calculating  Reinforced  Concrete  Beams.  By 
Noble  Twelvetrees,  M.  I.  Mech.  E. ;  A.  M.  I.  E.  E. ;  M.  R.  S.  I.  Author  of 
Concrete-Steel,  etc.,  etc.  5  by  7  ins.  Paper  binding.  20  pp.  3  tables. 
4  diagrams.  5  illustrations.  Macmillan  &  Co.,  New  York.  Price  20 
cents. 

Some  three  years  ago  the  writer  had  the  pleasure  of  reviewing  Mr.  Twelve- 
trees'  book  on  Concrete-Steel  for  this  Journal.  The  present  pamphlet  is  for 
the  purpose  of  bringing  that  little  book  into  line  with  modern  practice  in 
nomenclature  for  reinforced  concrete  design.  An  attempt  is  being  made  in 
Great  Britain  to  get  everyone  into  line,  and  seemingly  with  considerable  suc- 
cess. In  the  United  States  we  seem  to  have  settled  pretty  well  on  the 
nomenclature  of  Professors  Talbot  and  Turneaure,  but  the  proposed  stand- 
ards for  British  engineers  do  not  differ  much  from  these.  There-  are  a  few 
differences,  however,  that  are  so  simple  that  little  confusion  will  result  in 
reading  English  books  on  concrete,  hereafter.  Where  it  is  customary  in  this 
country  to  use  fc,  the  new  British  standard  will  be  cc.  For  our  fs  they  will 
use  ts.  Where  we  use  j  to  represent  the  moment  arm,  they  will  use  d(i-x). 
Where  we  use  k,  they  will  use  dx.  In  this  connection  it  is  well  to  point  out 
that  Prof.  Turneaure  and  Maurer  use  x  to  denote  distance  in  inches  down  to 
the  centroid  of  compression,  whereas  the  x  of  Mr.  Twelvetrees  is  a  ratio. 
Where  we  use  n  to  represent  the  deformation  ratio,  the  British  engineers  will 
use  m. 

It  is  a  good  thing  to  see  a  method  at  last  adopted  in  England  where  there 
are  no  Greek  letters  used.  In  many  of  their  books  they  are  used  so  freely, 
that  it  is  hard  to  follow  a  discussion 

In  this  book  Mr.  Twelvetrees  describes  a  new  device  he  has  patented  for 
making  reinforced  concrete  calculation,  viz.,  an  improved  form  of  slide  rule 
similar  to  many  in  use  in  the  offices  of  American  designers.  E.  M.  C. 

Azimuth.  By  George  S.  Hosmer,  Mass.  Institute  of  Technology,  Boston. 
John  Wiley  &  Sons,  New  York,  1909.  73  pages.  4%  by  7%.  in.,  leather. 
Price  $1.00 

^  This  little  hand  book  is  small  enough  to  carry  into  the  field,  yet  it  con- 
tains all  that  is  necessary  to  enable  the  surveyor  or  engineer  when  out  on  a 
survey,  to  determine  the  true  meridian,  or  declination  of  the  magnetic  needle 
at  the  place  of  his  work.  Of  course  such  determinations  are  based  on  as- 
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tronomical  observations  of  Polaris  (or  some  other  star)  or  of  the  sun. 
Methods  for  taking  these  observations  and  making  the  necessary  calculations 
are  given  in  the  book. 

"The  purpose  of  the  volume  is  to  present  in  compact  form  certain  approxi- 
mate methods  of  determining  the  true  bearing  of  a  line,  together  with  the 
necessary  rules  and  tables  arranged  in  a  simple  manner,  so  that  they  will  be 
useful  to  the  practical  surveyor." 

The  first  half  of  the  book  is  descriptive,  explanatory,  and  instructional 
and  with  a  few  illustrations,  but  needs  careful  reading  as  the  matter  is  some- 
what condensed.  The  surveyor  or  engineer  should  have  had  some  study  in 
astronomy  to  readily  follow  the  author.  The  second  half  of  the  book  consists 
of  tables  for  use  in  making  such  observations,  etc.,  as  described.  These 
include  certain  logarithmic  tables  to  aid  the  field  calculation ;  corrections  for 
Azimuth,  of  the  sun's  declination,  etc.,  etc.  These  include  a  table  (9  pages) 
for  the  Sun's  Declination  at  Greenwich  mean  noon  for  every  day  of  each 
month  for  the  years  1909-1912,  inclusive.  Some  miscellaneous  tables  and  rules 
at  the  end  of  the  book  make  it  that  much  more  complete.  Altogether  the  book 
is  a  convenient  one  for  field  or  office  use  to  those  engaged  in  Geodetrical  work 
and  well  worth  the  price.  W. 

"Railroad  Structures  and  Estimates/'     By  J.  W.  Orrock,  C.  E.     VI+270 

pages ;  93  figures.    6  by  9.  cloth.     John  Wiley  &  Sons,  New  York.     Price 

$3.00  net. 

This  work  is  a  compilation  of  data  relating  to  structures  required  for 
operating  a  railroad,  the  materials  entering  into  their  construction  and  approx- 
imate estimates  of  costs,  together  with  a  general  description  of  the  structure 
and  its  purpose. 

As  a  reference  work,  it  is  complete  in  its  scope,  but  the  treatment  is  very 
general  and  in  some  case  limited,  as  it  must  be  in  a  work  covering  such  a 
broad  subject.  There  are  nine  chapters,  a  table  of  contents,  and  an  index  of 
over   600   references. 

In  Chapter  1,  the  author  gives  approximate  quantities  and  cost  of  grading, 
clearing,  track  material,  track  laying,  ballasting,  switches,  etc.  Chapter  2  gives 
approximate  quantities  and  costs  of  all  kinds  of  fencing,  gates,  signs,  road 
crossings,  etc.  Chapter  3  gives  approximate  quantities  and  costs  of  culverts. 
Under  pipe  culverts,  the  table  of  quantities  and  costs  cover  diameters  from 
four  inches  to  twenty-four  inches  for  tile  and  cast  iron  pipe  and  diameters 
from  eighteen  inches  to  thirty-six  inches  for  concrete  pipe.  In  present  day 
practice,  cast  iron  pipe  from  thirty-six  inches  to  forty-eight  inches  in  diameter 
is  common,  and  sixty-inch  pipe  is  used.  The  author  states  that  tile  (meaning 
vitrified  pipe)  should  have  at  least  four  feet  of  embrankment  on  top  and  cast 
iron  pipe  ten  feet.  This  is  strange  information  when  sixty-inch  cast  iron  pipe 
is  successfully  laid  under  five  feet  of  embankment.  Reinforced  concrete  cul- 
verts are  not  mentioned  except  as  the  author  refers  to  the  old  style  rail 
top  culvert  as  having  a  reinforced  top. 

Chapter  4  is  devoted  to  bridges,  trestles,  retaining  walls,  cribs,  and  tunnels. 
Diagrams  are  given  of  the  usual  type  of  steel  railway  bridges,  with  tables  of 
approximate  weight  and  costs.  Tables  are  also. given  for  estimating  yardage 
in  abutments  and  piers,  of  various  heights,  and  the  timber  in  pile  and  trestle 
bridges  of  various  spans  and  heights.  A  simple  rule  is  given  for  estimating 
steel  trestles  for  any  given  opening.  Subways,  overhead  crossings,  retaining 
walls,  cribs,  and  tunnels  are  each  given  very  limited  space. 

Chapter  4  covers  buildings  and  it  is  the  best  and  most  complete  chapter 
in  the  book;  the  author  either  being  more  familiar  with  this  branch  of  the  sub- 
ject or  more  fortunate  in  his  selection  of  data.  Tool  houses,  section  houses, 
shelters,  platforms,  freight  sheds,  engine  houses,  oil  houses,  coaling  stations,, 
ash  pits,  turntables,  and  many  other  structures  are  illustrated,  and  approx- 
imate estimates  and  costs  of  each  are  given,  including  the  usual  fixtures  and 
furniture  of  each.  Chapter  6  covers  water  stations  with  approximate  costs 
of   pumps,   boilers,    piping,   tanks,    and    the   other    usual    necessities    of   such 
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stations.     The  tables  in  this  chapter  are  those  usually  found  in  the  back  of 
trade  catalogs.     On  page  186,  the  author  gives  an  example  of  how  to  d< 
mine  the  quantity  of  water  delivered  per  minute  with  a  certain  pump  based 
on  these  tables.     Such  a  method  is  a  poor  kind  of  guess-work,  and  it  is  too 
bad  to  perpetuate  such  misleading  information. 

Chapter  7  gives  approximate  estimates  and  costs  of  railway  shops,  covering 
the  various  plants  required  and  their  equipment.  The  chapter  is  short  but  good. 
Chapters  8  and  9  are  given  over  to  specifications,  contracts,  plans  and  esti- 
mates, and  estimating  notes. 

In  many  cases,  the  type  of  structures  given  are  not  typical  but  local.  They 
are  probably  mostly  Canadian  Pacific  standards,  as  the  author  makes  acknowl- 
edgment to  that  road  for  use  of  their  illustrations.  Naturally  many  of  these 
structures  are  a  development  due  to  the  latitude  in  which  they  have  been 
built,  and  are  not  applicable  to  a  more  temperate  climate.  The  same  may  be 
said  of  the  estimates  of  cost — they  are  as  a  rule  high  but  are  tabulated,  and 
the  labor  and  material  separated  so  that  alterations  can  be  made  to  suit  other 
conditions. 

The  work  as  a  whole  is  a  very  commendable  compilation  and  will  be 
found  of  considerable  value  where  general,  rather  than  specific  technical 
information   is   desired.  G.   H.    H. 

General  Lectures  on  Electrical  Engineering.     By  Dr.  Charles   P.   Stein- 

metz.    Past   President   A.   I.   E.   E.,   Consulting  Engineer  General  Electric 

Company,  Professor  of  Electrical  Engineering  Union  College.     Robson  & 

Adee,  Schenectady,  N.  Y.,  1908.    6  by  9  in.    284  pages.    Cloth.    Price  $2.00. 

This  book,  as  the  title  and  preface  indicate,  contains  a  series  of  seventeen 
lectures  and  two  appendices,  general  in  their  nature  and  dealing  with  the 
problems  of  generation,  control,  transmission,  distribution  and  utilization  of 
electrical   energy. 

The  treatment  throughout  the  book  is  wonderfully  clear  and  concise  and 
while  there  is  a  number  of  simple  diagrams  and  curves  there  is  practically  no 
mathematical  discussion  whatever.  This  fact,  together  with  the  weight  of 
eminent  authority  on  matters  electrical  that  is  so  universally  accorded  to  the 
brilliant  and  versatile  author,  makes  the  book  of  great  value,  not  only  to 
the  electrical  engineer  but  to  the  engineering  profession  in  general  and  also 
to  the  interested  layman. 

Each  of  the  lectures  treats  of  a  distinct  subject  in  the  field  of  electrical 
engineering,  thus  making  the  book  convenient  for  ready  reference.  The  lec- 
tures are  essentially  descriptive  and  while  necessarily  somewhat  general  they 
contain  many  specific  examples  and  illustrations  of  the  best  and  most  modern 
practice. 

The  first  lecture  is  a  general  review  of  the  art  of  electric  power  generation 
and  utilization  and  the  subsequent  intermedial  steps  of  transmission,  con- 
version and  distribution.  The  underlying  reasons  for  much  of  the  original  and 
subsequent  development  are  given  and  also  a  clear  statement  of  the  advan- 
tages and  disadvantages  of  methods  and  standards. 

The  second  and  third  lectures  deal  respectively  with  general  distribution 
and  light  and  power  distribution.  The  actual  operation  of  a  direct  current 
and  an  alternating  current  distribution  system  is  discussed  and  illustrated  by 
diagram.  Some  typical  examples  are  given  and  quantitative  results  worked 
out  with  all  of  the  various  combinations  of  single  phase  and  multi-phase 
circuits. 

Load  factor  and  cost  of  power  in  the  fourth  lecture  is  an  exceptionally 
clear  and  concise  explanation  of  this  much  misunderstood  subject.  In  the 
fifth,  sixth  and  seventh  lectures  are  treated  Long  Distance  Transmission, 
Higher  Harmonics  of  the  Generator  Wave  and  High  Frequency  Oscillations 
and  Surges,  in  a  manner  to  give  the  reader  a  fund  of  usable  and  up-to-date 
information  and  (considering  the  complexity  of  the  subjects  as  ordinarily 
discussed)   of  an  almost  intensely  practical  nature. 

The  eighth  and  ninth  lectures  include  a  comparison  of  prime  movers  and 
in  some  detail  the  advantages  and  disadvantages  of  the  hydraulic  turbine,  the 
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steam  engine,  the  steam  turbine  and  the  gas  engine.  The  characteristics  of 
electric  generators  and  their  protection  and  operation  are  explained,  especially 
the  hunting  of  synchronous  machines,  motors,  converters  and  generators  and 
a  cure  is  given  for  each. 

The  regulation  and  control  of  direct  current  and  alternating  systems  with 
various  kinds  of  apparatus  is  discussed  in  the  tenth,  and  lightning  protection 
in  a  very  interesting  manner  in  the  eleventh  lecture. 

The  twelfth,  thirteenth  and  fourteenth  lectures,  deal  with  the  Electric 
Railway,  railway  motors  in  general  and  the  alternating  current  railway  motor. 
The  last  mentioned  is  a  very  clear  lecture  and  quite  analytical  considering  the 
limitations  of  space. 

Electrochemistry  in  the  fifteenth  is  treated  under  various  divisions  but  all 
primarily  as  an  application  of  electric  power.  In  the  sixteenth  and  seven- 
teenth lectures  the  various  forms  of  incandescent  and  arc  lighting  are  ex- 
plained and  considerable  specific  information  is  given.  Appendices  I  and  II 
contain  papers  previously  presented  but  now  revised  to  date  on  Light  and 
Illumination  and  on  Lightning  Protection.  Both  appendices  contain  much 
of  the  latest  information  on  these  subjects,  considerable  of  which  is  believed 
by  your  reviewer  to  be  the  author's  original  work.  P.  J. 

Exercises  in  Surveying,  for  Field  and  Office  Work  for  use  in  connection 
with  "Plane  Surveying,"  by  John  C.  Tracy,  Sheffield  Scientific  School, 
Yale  University.  i2mo.,  183  pages,  5  by  7^2  in.  Leather  bound.  Price, 
$1.00.    New  York,  John  Wiley  &  Sons,  1909. 

The  earlier  work,  "Plane  Surveying,"  by  Prof.  Tracy,  issued  by  the  same 
publishers  a  year  ago,  was  reviewed  in  this  Journal,  December,  1907,  Vol. 
XII,  page  845. 

The  supplemental  work  contains  a  wide  range  of  exercises  for  the  instruc- 
tion of  the  student  of  surveying.  It  consists  of  Part  I,  "Field  Work,"  (in- 
cluding class  room  introductory  exercises)  and  Part  II,  "Office  Work."  These 
exercises  necessarily  refer  to  the  text-book  by  page,  section,  etc..  and  if 
thoroughly  worked  out  by  the  student,  will  give  him  a  very  good  training  in 
his  profession,  as  far  as  this  can  be  accomplished  in  advance  of  responsible 
charge  of  actual  work.  The  arrangement  of  exercises  is  based  on  the  author's 
theory  that  this  study  should  be  a  gradual  development  with  the  specific  study 
of  each  detail  and  method,  accompanied  by  field  work.  The  field  work  covers 
chaining,  use  of  transit,  running  of  transit  lines,  and  making  transit  surveys, 
exercises  and  special  problems  of  leveling,  exercises  in  the  use  of  the  com- 
pass, the  stadia  and  the  plane  table,  topographic  surveying,  the  determination 
of  a  true  meridian,  etc.  In  Part  II,  relating  to  "Office  Work,"  is  the  matter 
of  computation,  calculation  of  bearings,  latitudes  and  departures,  triangula- 
tion,  areas,  earthwork  calculation,  platting,  etc.  The  exercises  are  very  com- 
plete, with  frequent  reference  to  the  text-book  "Plane  Surveying,"  but  in 
some  courses,  the  instructor  may  find  it  advisable  to  eliminate  some  of  the 
work.  The  book  is  essentially  a  text-book  and  would  not  be  of  much  value 
to  a  regular  practitioner,  though  doubtless  of  interest  to  look  over  to  see 
what  is  recommended  to  the  present  day  students.  W. 
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SOME  OBSERVATIONS  ON  THE  STABILITY  OF  DAMS 

By  J.  F.  Jackson,  m.w.s.e. 

Presented  June  2,    igog. 

In  view  of  the  rapidly  growing  interest  in  the  subject  of  water 
power  development  and  reservoir  storage  of  water  for  various  pur- 
poses, it  has  seemed  to  the  writer  opportune  to  present  for  discussion 
some  more  or  less  unorthodox  observations  on  the  manner  of  calculat- 
ing and  constructing  the  various  generally  accepted  types  of  dams. 


* 
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Cross  Section  of  Timber  Dam. 


In  the  ola-fashioned  timber  dams,  hundreds  of  which  have  been 
built  for  logging  and  power  purposes,  on  all  sorts  of  foundations, 
it  was  customary  to  give  the  water-tight  surface  of  dams  a  slope 
upstream,  generally  two  or  more  horizontal  to  one  vertical,  making 
a  cross  section  something  like  Fig.  I  in  the  case  of  an  overfall  dam. 
In  case  the  height  was  considerable,  the  apron  would  be  divided  into 
two  or  more  steps,  to  break  the  fall  of  the  water. 

For  the  purpose  of  a  coffer-dam  of  moderate  height  on  solid  rock 
or  impervious  bottom,  the  same  general  idea  is  satisfactory,  as  shown 
in  Fig.  2. 

In  this  diagram  the  planking  is  shown  laid  at  slope  of  one  to  two. 
Note  the  position  and  direction  of  the  resultant  of  water  pressure. 
Little  theoretical  study,  as  far  as  the  writer  knows,  has  been  given 
to  these  forms  of  dams. 
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It  is  obvious  in  each  of  the  above  cases  that  the  weight  of  the 
water  and  the  back  filling  have  been  a  large  or  the  entire  factor  in 
the  stability  of  the  dam,  both  against  sliding  and  overturning. 
"Castor  Fiber,"  who  belongs  to  the  oldest  race  of  dam  builders,  has 
always  utilized  the  weight  of  water  for  stability,  and  some  of  his 
achievements  have  been  truly  remarkable.  The  lower  part  of  his 
dams  are  always  open  for  drainage.  The  writer  contends  that  his 
work  is  more  scientific  than  that  of  some  of  our  modern  builders, 
as  will  be  demonstrated  later. 


Cross  Section  of  Coffer-Dam  for  Shallow  Water. 

Now  when  it  comes  to  the  construction  of  masonry  dams,  the  first 
ones  were  probably  built  entirely  by  guess,  but  some  of  them  stood 
up.  A  precedent  having  been  established,  in  course  of  time,  mathe- 
maticians came  along  and  found  that  masonry  structures  having  a 
factor  of  safety  of  two  against  overturning  and  of  one  against  slid- 
ing on  their  bases  were  actually  standing  up.  Therefore  a  coefficient 
of  friction  of  0.6  or  0.7  was  assumed,  and  a  sufficient  weight  of 
masonry  provided  to  resist  the  horizontal  hydrostatic  pressure  of  the 
reservoir.  Hence  we  have  the  standard  triangular  or  trapezoidal 
section  as  shown  in  Fig.  3,  in  which  the  resultant  pressure  of  water 
and  masonry  usually  falls  just  inside  or  at  the  middle  third  of  the 
base,  so  that  pressure  begins  practically  at  zero  at  the  inner  heel  and 
increases  to  a  maximum  at  the  outer  toe,  as  illustrated  above,  pro- 
vided the  structure  acts  as  a  unit.  The  pressure  of  water  and  weight 
of  masonry  are  such  that  the  coefficient  of  friction  is  barely  sufficient 
to  resist  sliding.  In  fact,  if  it  were  not  for  the  dove-tailing  into  rock 
at  the  base  of  the  dam  and  into  the  walls  of  the  gorge  between  which 
the  dams  are  built,  there  would  be  many  more  failures  by  sliding  than 
there  have  been.  However,  so  far  as  mathematics  are  concerned,  we 
have  the  astounding  fact  that  in  masonry  structures  of  immense 
importance,  and  in  perhaps  no  other  cases,  engineers  are  content  to 
follow  in  the  rut  and  build  with  a  factor  of  safety  of  one  I  So  much 
for  precedent.  Further  than  this,  as  soon  as  you  assume  hydrostatic 
uplift,  or  that  water  enters  under  the  edge  "A"  of  your  dam,  your 
precious  friction  coefficient  is  partially  destroyed,  and  the  dam  fails. 
It  is  only  fair  to  say  that  most  engineers  now  make  some  attempt 
to  drain  toward  the  downstream  toe  of  the  dam.  (See  Transactions 
of  Am.  Soc.  C.  E.  Vol.  34.    Notes  on  High  Masonry  Dams  by  John 
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D.  Van  Buren,  for  argument  in  favor  of  a  section  of  masonry  dam 
taking  into  account  hydrostatic  uplift.)  Of  course,  the  form  of 
masonry  dam  is  somewhat  circumscribed  by  the  fact  that  no  tension 
is  assumed  on  the  upstream  face,  but  the  writer  nevertheless  believes 
it  quite  possible  to  develop  a  form  of  masonry  dam  in  which  the 
weight  of  water  and  possible  back  fill  is  utilized  to  add  stability,  and 
may  propose  something  of  that  sort  in  the  future.  He  surely  be- 
lieves that  the  ordinarily  accepted  coefficient  of  friction  as  indicated 
above  and  the  factor  of  safety  of  two  against  overturning,  should  not 
be  accepted  as  sufficient. 


f/a.3 

Typical  Cross  Section  of  Masonry  Dam 


In  earth  dams,  the  writer  believes,  of  course,  that  the  section 
should  be  something  like  that  shown  in  Fig.  4. 


BW/Vg 


F/e.4. 

Typical  Cross  Section  of  Earth  Dam. 


The  same  idea  applies  to  an  earth  dam,  a  rock  fill  dam  or  like 
structure  with  a  cut-off  planking,  reinforced  concrete,  steel  plate,  or 
common  puddle.  In  every  case  water-tightness  should,  if  possible, 
be  secured  as  near  the  water  itself  as  possible,  and  the  vertical  com- 
ponents of  the  hydrostatic  pressure  should  be  equal  to  or  exceed  the 
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horizontal  ones.    Western  engineers  have  already  followed  this  idea 
to  some  extent  in  earth  and  in  rock  fill  dams  with  planking. 

Designers  of  concrete  dams  have  usually  followed  the  standard 
masonry  profile  or  something  near  it.  It  is  human  nature,  in  en- 
gineering matters  as  in  other  affairs,  to  follow  and  develop  an  estab- 
lished idea,  sound  or  unsound,  to  its  utmost  limits,  while  a  new  one 
or  a  very  old  and  forgotten  one,  must  make  its  way  slowly. 


F/&S. 


Cross  Section  of  Bainbridge  Steel  Dam. 

Happily,  Bainbridge  with  his  steel  dam,  and  Ambursen  with  his 
concrete  dam,  and  the  idea  of  the  reinforced  concrete  retaining  wall 
came  along,  so  that  it  is  now  in  order  to  consider  a  dam  having  a 
water-tight  face  capable  of  taking  tension.  Bainbridge's  dam  con- 
sists of  a  series  of  inclined  bents  covered  on  the  upstream  side  with 
water-tight  concave  plates.  (See  Journal  W.  S.  E.  Vol.  X,  p.  615.) 
In  this  dam,  water  pressure  is  of  course  taken  normal  to  the  water- 
tight face  ( Fig.  5 ) .  The  column  loads  are  taken  directly  to  the  rock 
bottom,  and  tension  of  face  plates  is  taken  up  by  anchor  rods,  as 
indicated.  If  not  founded  on  rock,  the  design  must  be  altered 
radically,  as  indicated  further  on. 

Although  the  Ambursen  dam  (Fig.  6)  utilizes  the  weight  of  water 
to  some  extent,  in  my  opinion  it  does  not,  as  ordinarily  constructed, 
provide  much  greater  stability  against  sliding  than  the  standard  pro- 
file, though  it  does  thoroughly  provide  against  hydrostatic  uplift 
by  the  open  construction  of  its  base.  The  main  idea  of  Ambursen's 
patent  was  apparently  to  so  construct  the  water  face  of  his  dam  with 
reference  to  the  cross  walls  that  the  direction  of  water  pressure  at 
any  point  should  fall  within  the  base. 

Of  course,  the  calculation  of  stability  of  a  steel  dam  on  rock  bot- 
tom, with  given  factors  of  safety,  is  very  much  simpler  and  more 
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certain  than  even  the  design  of  a  steel  railroad  bridge,  and  the  writer 
believes  that  the  time  is  coming  when  the  merits  of  this  construction 
will  be  much  more  appreciated  by  engineers  than  is  the  case  at 
present. 

In  designing  the  cross  section  of  a  steel  dam  about  ioo  ft.  high, 
the  writer  accidentally  hit  on  the  idea  of  making  the  part  near  the 
top,  where  hydrostatic  pressures  are  light,  nearly  vertical,  and  slop- 
ing the  part  near  the  bottom,  where  hydrostatic  pressures  are  heavy, 
until  it  was  nearly  horizontal.  This  resulted  in  a  saving  in  construc- 
tion cost,  and  a  greatly  increased  factor  of  safety  against  sliding  and 


overturning. 
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Cross  Section  of  Ambursen  Dam. 

The  idea  is  illustrated  in  Figs.  7  and  8,  where  the  plating  on  the 
lower  section  is  supported  directly  in  concrete,  cheap  masonry,  or 
other  filling,  while  the  upper  part  is  of  steel  construction.  The 
amount,  position,  and  direction  of  resultant  pressures  depend  on  the 
exact  shape  of  the  water-tight  surface.  The  vertical  water  pressure 
may  be  made  1.5,  2,  or  even  3  times  the  horizontal  pressure,  depend- 
ing on  the  width  of  base ;  and  the  resultant  pressure  of  all,  weight 
of  water  and  structure,  may  be  brought  as  near  the  center  as  desired. 
In  Fig.  7  is  shown  a  dam  of  considerable  height,  and  in  Fig.  8  one 
of  moderate  height. 

The  limits  of  this  idea  are  shown  in  Fig.  9.  Suppose  we  have  a 
dam  built  of  a  small  bent  plate:  calling  the  height  24  in.,  the  base 
14  in.,  the  horizontal  water  pressure  would  be  2,  applied  at  8  in.  from 
the  base  ;  the  vertical  pressure  would  be  2.33,  applied  at  7  in.  from  the 
bend.  The  resultant  would  be  3.1,  applied  practically  at  the  bend. 
The  structure  would  be  just  a  little  more  than  stable  against  over- 
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turning,  and  a  friction  coefficient  of  0.86  would  be  sufficient  to  pre- 
vent its  sliding. 


I 

•  /vat  7. 

Cross  Section  of  Suggested  Concrete  and  Steel  Dam. 

In  case  the  base  were  24  in.  and  the  height  24  in.,  as  in  Fig.  10. 
the  horizontal  water  pressure  would  be  2  as  before,  and  the  vertical 
pressure  would  be  4,  and  the  resultant  4.5,  falling  at  a  point  one- 


f/08 

Another  Suggestion  for  Concrete  and  Steel  Dam. 

third  of  the  distance  from  the  bend  to  the  upstream  edge  of  the  hori- 
zontal plate.  This  resultant  would  stand  two  vertical  to  one  hori- 
zontal, giving  a  coefficient  of  0.50  to  just  prevent  sliding.  If  you 
prevent  leakage  at  "A"  and  your  plate  is  stiff  enough  to  prevent 
bending,  you  will  have,  due  to  water  pressure  alone,  a  small  dam  as 
safe  against  overturning  and  safer  against  sliding  than  the  standard 
profile.     It  is  evident,  then,  that  in  a  dam  having  a  base  equal  to  its 
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height,  the  sum  of  all  horizontal  pressures  is  exactly  that  due  to  the 
depth  of  the  water,  no  matter  what  the  shape  of  the  water-tight 
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f/mJO. 


Cross  Sections  Showing  by  Bent  Plates  the  Principle  of  Dam 
Suggested  by  Author. 

surface,  and  it  is  possible  to  utilize  the  vertical  pressures  from  a 
minimum  of  zero  to  a  maximum  of  two  times  the  sum  of  the  hori- 
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zontal  forces,  and  to  bring  the  resultant  of  both  forces  from  a 
horizontal  direction  to  an  inclination  of  two  vertical  to  one  horizontal, 
as  shown.  Of  course,  in  the  practical  structure  of  steel  of  the  Bain- 
bridge  type  or  of  concrete,  wood,  or  other  material,  we  would  curve 
the  tension  face  in  some  manner,  and  in  making  our  calculation  add 
the  weight  of  the  structure  itself. 

In  Fig.  ii  is  shown  the  proposed  section  of  a  reinforced  concrete 
dam  having  a  concave  water-tight  face.  Please  note  the  position  and 
direction  of  the  resultant  of  the  water  pressure  and  also  note  that  the 
total  resultant  falls  about  half  way  between  the  center  and  the  1/3 
point.  It  is  designed  to  be  a  very  heavy  and  substantial  structure, 
but  contains  only  about  one-half  the  amount  of  concrete  of  that  re- 
quired in  a  dam  of  standard  cross  section. 

In  this  particular  case  the  water  pressure  resultant  stands  at  an 
angle  of  five  vertical  to  four  horizontal,  and  the  total  resultant  at 
eleven  vertical  to  five  horizontal,  and  the  structure  very  evidently 
has  some  stability  against  both  overturning  and  sliding.  A  spillway 
section  employing  this  principle  also  works  out  very  favorably  in 
either  steel  or  concrete. 

The  patent  office  has  recently  recognized  this  principle  of  using 
hydrostatic  pressure  on  a  concave  face  to  add  stability  to  dams,  etc. 
So  far  as  the  writer  knows,  this  is  the  first  recorded  recognition  of 
the  hydrostatic  principle  involved.  He  does  know,  however,  of  a 
mining  engineer  out  West  who  once  built  a  small  concrete  dam 
wrong  side  to,  and  with  very  good  results. 

The  modern  inside  buttressed  reinforced  concrete  retaining  wall 
employs  a  similar  idea,  but  the  earth  pressures  are  not  hydrostatic. 
In  the  earthen  dam  with  masonry  core  wall,  the  hydrostatic  pressure 
against  the  core  is  of  course  greatly  modified  (but  nobody  knows 
how  much)  by  the  presence  of  the  earth  fill  on  the  water  side.  Its 
design  is  eminently  a  matter  of  guess  work. 

In  conclusion,  my  contention  is  that  a  factor  of  one  against  sliding 
is  not  enough,  and  that  we  should  turn  the  hydrostatic  force  to  our 
assistance,  instead  of  working  entirely  against  it.  We  must  have 
weight  to  secure  stability,  and  there  is  nothing  for  that  purpose  quite 
so  cheap  as  the  water  itself  which  we  are  undertaking  to  confine. 

If  the  above  observations  on  dam  stability  of  various  new  and  old 
sections  provoke  spirited  discussion  of  the  ideas  involved,  the  writer 
believes  that  a  service  will  have  been  rendered  the  engineering  pro- 
fession. 

Discussion. 

President  Allen  :  It  may  be  in  order  to  state,  for  the  enlightenment 
of  those  who  do  not  know,  that  "Castor  Fiber"  is  the  scientific  name 
for  the  common  beaver. 

This  paper  of  Mr.  Jackson's  is  a  very  timely  one,  not  only  from  the 
interesting  character  of  the  construction  problem,  but  from  the  under- 
lying principles  in  connection  with  it.     He  has  attacked  established 
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customs  that  have  grown  up  from  the  "rule  of  thumb"  method,  and 
has  given  us,  instead,  a  scientific  method  of  utilizing  the  forces  at 
hand  to  accomplish  the  result.  There  is  altogether  too  much  of  the 
"rule  of  thumb"  method,  even  among  those  who  are  qualified  to  do 
better,  and  the  more  papers  we  have  to  bring  out  the  real  groundwork 
of  engineering  principles,  the  better  we  are  serving  the  profession  in 
general.     The  paper  is  now  open  for  discussion. 

F.  H.  Bainbridge,  m.w.s.e.  :  In  regard  to  this  French  type  of  dam, 
such  as  the  Quaker  bridge  dam,  that  Mr.  Jackson  facetiously  refers 
to  as  having  a  safety  factor  of  one,  that  factor  really  does  not  obtain 
in  the  legitimate  cross  section  of  the  dam  on  which  calculations  are 
made.  It  is  experimentally  shown  that  the  hydrostatic  pressure  as 
an  uplift  occurs  at  the  toe  and  may  occur  at  any  joint.  Practically 
every  dam  of  this  character  which  has  been  built  with  this  straight 
top  has  failed,  and  those  that  have  not  failed  have  succeeded  be- 
cause they  have  been  arched.  That  is  all  there  is  to  it.  It  is  sup- 
posed to  be  scientific  in  a  way,  but  it  is  not.  It  neglects  an  essential 
factor  in  construction. 

With  regard  to  types  the  writer  shows  here,  there  is  a  general 
objection  to  some  of  them  under  certain  conditions,  on  account  of 
the  fact  that  they  do  not  take  care  of  the  ice  question,  which  is  a 
very  serious  thing.  In  the  Quaker  bridge  dam,  when  there  is  any 
likelihood  of  ice  of  any  thickness,  a  force  of  men  is  constantly  em- 
ployed to  cut  it  away.  In  the  Bear  Valley  dam  a  large  force  is  main- 
tained when  there  is  any  tendency  of  ice  to  form.  They  never 
allow  any  pressure  of  ice  against  the  face  of  the  dam.  That  is  a 
question  of  maintenance. 

I  want  to  take  up  the  question  in  a  paper  prepared  by  the 
speaker  in  1905,  which  was  discussed  by  Mr.  L.  E.  Cooley,  of  this 
Society.     At  the  close  of  the  discussion,  is  the  following: 

"Lyman  E.  Cooley,  m.w.s.e.:  The  dam  is  the  most  impor- 
tant and  responsible  class  of  structures  which  the  engineer  is 
"caljed  upon  to  design  and  construct.  It  develops  a  natural 
"resource  and  produces  population  which  come  to  depend  there- 
"on  in  the  most  fundamental  way,  as  in  works  of  irriga- 
tion, for  water  power,  for  the  supply  of  cities,  and  for  pro- 
jection of  land.  Such  work  should,  therefore,  have  all  the 
"elements  of  permanence  and  safety  which  the  engineering  art 
"will  permit.  The  menace  of  inferior  structures  is  so  enormous 
"and  the  results  of  failure  so  complete  that  the  merely  human 
"element  involved  in  the  operation  and  care  for  the  dam  should 
"be  eliminated  as  far  as  possible. 

'*!  therefore  do  not  sympathize  with  the  present  tendency 
"toward  bric-a-brac  structures,  and  if  it  should  continue,  cor- 
rective legislation  on  the  part  of  the  state  should  be  invoked. 
"I  do  not  mean  by  this  that  frail  or  perishable  structures  may 
"not  be  expedient  for  temporary  service  in  new  and  inacces- 
sible regions  where  population  is  sparse  and  the  results  of  fail- 
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"ure  chiefly  affect  the  owners  of  the  dam.  Nor  do  I  mean 
"that  certain  classes  of  design  shall  not  be  admitted  as  auxil- 
iaries in  situations  where  failure  will  not  produce  results  ap- 
proaching a  disaster. 

"I  regard  steel  as  one  of  the  most  perishable  materials  for 
"hydraulic  work,  requiring  extraordinary  care  in  its  junction 
"with  the  bottom  and  sides  of  the  dam  site  and  constant  solic- 
itude in  maintenance." 
The  writer  of  this  criticism  assumes  that  stone  is  indestructible 
and   that   steel   is   extremely   perishable   under   the   circumstances, 
whereas   the    contrary    is    true.     Take    granite,    quartzite,  siliceous 
sandstones,  trap  rock,  etc., — they  are,  for  all  practical  purposes,  in- 
destructible, but  they  are  not  available  for  dam  construction,  and 
the  stones  which  are  available  are  very  destructible.     Take  the  Illi- 
nois Central  abutments  at  Sixteenth  Street  which  were  put  in  about 
1892 ;  they  are  on  the  verge  of  going,  but  the  steel  structure  is  there 
practically  untouched.     At   Sixtieth   Street  on  the  Illinois   Central 
R.  R.,  the  abuntments  there  were  cut  to  pieces  and  replaced  in  1904, 
while  the  steel  structure  was  untouched. 

At  a  recent  meeting  of  this  society,  on  the  subject  of  protective 
coatings,  I  exhibited  a  specimen  of  an  iron  bar  which  had  been 
placed  in  the  Mississippi  river  in  1863,  which  was  painted  on  one 
side  only  with  one  coat  of  red  lead.  That  specimen  is  here  now  and 
it  is  practically  untouched  by  corrosion.  A  good  paint,  under 
water,  will  last  indefinitely,  and  that  has  been  proved  over  and  over 
again. 

Further  referring  to  Mr.  L.  E.  Cooley's  discussion  of  the  paper 
which  I  presented  before  the  Society  in  October,  1905,  it  will  be 
found  that  Mr.  Cooley's  practice  does  not  agree  with  his  preaching. 
As  Chairman  of  the  Engineering  Committee  of  the  Sanitary  Dis- 
trict of  Chicago  at  that  time,  Mr.  Cooley  is  mainly  responsible  for 
the  construction  of  the  Bear  Trap  Dam  at  Lockport,  a  steel  struct- 
ure. This  structure  closes  an  opening  160  feet  wide,  with  a  pos- 
sible head  of  water  of  35  feet  and  a  normal  head  of  22  feet.  The 
failure  of  this  structure  would  wreck  all  the  shipping  in  all  branches 
of  the  Chicago  River  at  the  time  of  failure ;  it  would  wreck  most  of 
the  bridges  in  the  Chicago  River  and  many  on  the  Canal ;  all  the 
heavy  building,  including  elevators  and  their  contents,  along  the 
Chicago  River  and  its. branches  would  be  precipitated  into  the  river. 
The  failure  of  the  Bear  Trap  Dam  at  Lockport  would,  in  a  word, 
result  in  a  great  loss  of  life  and  the  destruction  of  hundreds  of  mil- 
lions of  property.  The  Bear  Trap  Dam  is  exposed  to  the  sewer- 
age and  acid  laden  waters  of  the  Chicago  River  and  is  far  less  de- 
fensible as  an  engineering  structure  than  anything  Mr.  Jackson  or 
the  writer  has  proposed. 

The  difficulty  of  obtaining  a  junction  between  the  steel  structure 
and  the  bed  rock,  as  mentioned  by  Mr.  Cooley.  does  no  obtain  in 
fact.     This  junction  can  be  made  absolutely  secure  and  water  tight 
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at  a  moderate  expense,  as  has  been  done  at  the  Ash  Fork  Dam, 
which  is  partly  founded  on  volcanic  cinder.  It  should  also  be  noted 
that  the  North  Sea  Canal,  the  most  important  canal  now  in  oper- 
ation, is  controlled  at  its  ends  by  movable  steel  dams  and  that  these 
are  subject  to  the  action  of  sea  waters. 

L.  K.  Sherman,  m.w.s.e.  :  The  Sanitary  District  of  Chicago  is 
about  to  build  a  little  dam  on  the  north  branch  of  the  Chicago  river, 
where  it  will  empty  into  their  North  Shore  channel. 
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Fig.  «a. 


North  Branch  Dam: 
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BoH-om  of  Channel  -12 


Fig.  13. 

The  illustration  shows  a  plan  and  cross-section  of  the  dam ;  some 
of  the  features  are  somewhat  novel.  Here  is  the  situation :  the 
north  branch  of  the  Chicago  river  comes  in  at  a  higher  elevation 
than  the  ordinary  water  in  the  canal.  In  order  to  prevent  erosion 
in  the  Canal  we  will  have  to  build  a  spillway.    The  site  is  on  clay, 
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which  is  rather  soft,  and  consequently  we  have  made  a  spread 
foundation;  we  had  to  put  in  an  apron  to  prevent  erosion,  and  we 
utilized  the  apron  to  add  to  the  stability  of  the  structure.  The  dam 
consists  of  a  straight  wall,  with  buttresses  spaced  about  14  ft.  apart 
and  2  ft.  thick,  all  reinforced  concrete.  All  of  the  horizontal  force 
is  taken  up,  not  by  any  friction  on  soft  clay  but  by  the  heel  of  the 
dam  which  extends  below  the  floor  or  apron.  We  consider  the 
friction  on  clay  as  zero.  In  fact  the  dam  might  slide  down  stream 
of  its  own  weight  if  the  clay  strata  happened  to  dip  in  a  down 
stream  direction.  All  the  horizontal  force  is  taken  up  by  this 
foundation  part  of  the  wall,  and  all  of  the  unit  pressures  are  less 
than  one  ton  per  square  foot.  At  one  end  some  Wakefield  tripple 
sheet  piling  is  shown.  That  was  put  in,  in  case  there  should  be 
any  tendency  to  erode  the  channel  and  undermine  the  structure. 
It  was  not  to  intercept  the  water ;  that  would  be  the  wrong  place 
for  intercepting  the  water. 

The  plan  shows  the  triangular  buttresses  14  ft.  apart,  and  the 
reinforced  concrete  abutments ;  also  the  downstream  apron  of  con- 
crete blocks  ;  the  specifications  require  that  these  blocks  be  built  in 
squares  and  be  perfectly  separate  from  each  other,  the  idea  being 
that  in  case  the  water  should  undermine  these  blocks,  they  could 
loosen  up,  settle,  and  still  offer  a  protection  against  erosion.  The 
specifications  state : 

"No  vertical  construction  joints,  lines  or  surfaces  of  demar- 
cation in  the  concrete  masonry  will  be  permitted, 
"(a)  in  the  main  wall  of  the  dam,  excepting  opposite  the  center 
of  the  counterforts, 

"(b)  in  the  foundation  floor  of  the  dam  excepting  under  the 
"center  of  the  counterforts  or  excepting  in  a  direction  parallel 
"to  the  crest  of  the  dam, 

"(c)  or  between  the  foundation  floor  and  the  concrete  sills 
"under  said  floor  or  in  any  other  part  of  the  work  where,  in 
."the  opinion  of  the  Engineer,  construction  joints  or  surfaces 
"of  demarkation  between  new  and  set  concrete  would  weaken 
"the  structure.  The  main  wall  of  the  dam  shall  be  built  into 
"the  abutments  without  construction  joints  in  the  plane  of  the 
"face  of  the  abutment." 

The  structure  as  a  whole  is  in  compression.  In  that  respect  I 
would  perhaps  criticise  Mr.  Jackson's  type — the  last  type  shown — 
where  the  base  is  in  tension  and  has  a  tendency  to  slide  on  the  bot- 
tom. 

IV.  H.  Finley,  m.w.s.e.  :  I  was  interested  in  what  Mr.  Bainbridge 
said  regarding  the  use  of  steel,  and  the  possibility  of  corrosion, 
quoting  Mr.  Cooley's  remarks  from  a  previous  paper.  If  I  am  not 
mistaken  the  bear  trap  dam  depends  today  altogether  on  the  dur- 
ability of  steel.     Am  I  not  correct  in  this,  Mr.  Dart  ? 

C.  R.  Dart,  m.W.s.e.:     Yes,  I  think  you  are. 
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C.  H.  Burdickj  m.w.s.e.  :  1  believe  that  the  general  principles 
that  Mr.  Jackson  has  mentioned  in  connection  with  the  design  of 
his  dams  are  important  ones,  and  that  they  should  be  utilized  to  the 
best  possible  advantage  wherever  the  circumstances  will  permit. 

In  regard  to  Fig.  2,  "Cross  section  of  coffer-dam  for  shallow 
water,"  I  will  say  that  the  use  of  this  type  of  structure  has  not  been 
confined  to  coffer-dams,  and  has  been  used,  quite  frequently  for 
water  storage  especially  in  situations  where  a  hard  bottom  is  avail- 
able. If  I  remember  correctly,  there  was,  until  recently,  a  dam  of 
this  type  in  use  at  Kankakee,  constructed  of  timber,  it  was  quite 
an  old  dam,  on  rock  bottom.  A  structure  of  this  type  has  one  dis- 
advantage: that  all  the  timbers  furnishing  the  strength  of  the  struct- 
ure are  usually  open  to  the  air  or  only  occasionally  covered  with 
water,  and  are  therefore  necessarily  short-lived. 

In  regard  to  Fig.  4,  "Typical  cross  section  of  earth  dam,"  I  be- 
lieve the  location  of  the  puddle  core  in  that  structure  is  more  nearly 
correct  than  the  ordinary  location  in  the  center  of  the  structure. 
In  fact,  I  have  thought  sometimes  that  we  might  go  even  a  little 
further  than  the  method  shown  in  the  section,  and  place  the  core 
on  the  outside,  utilizing  it  both  as  a  core  and  as  a  pavement,  which 
is  sometimes  necessary.  The  principal  objection,  however,  to  that 
procedure  lies  in  the  fact  that  any  pavement  above  the  water  sur- 
face must  be  protected  from  the  heaving  of  frost,  which  is  some- 
what difficult  to  do,  with  any  membrane  on  which  you  are  depend- 
ing for  watertightness. 

I  am  a  little  surprised  at  the  impression  conveyed  by  Mr.  Bain- 
bridge,  that  in  his  opinion  steel  is  a  more  durable  material  than 
masonry  in  the  structures  under  discussion.  There  may  be  special 
cases  tending  to  bear  out  that  opinion.  But  I  very  much  doubt 
that  any  such  conclusion  can  be  reached  by  the  general  examin- 
ation of  steel  and  masonry  structures  in  wet  places.  The  metal 
structures  which  have  come  to  notice  in  my  hydraulic  work  have 
in  many  cases  been  rapidly  deteriorating  by  corrosion.  In  steel 
pipes  it  has  been  my  experience  that  corrosion  is  very  rapid,  and 
that  paint  and  even  special  protective  coatings  are  not  successful 
in  preventing  rapid  deterioration.  Of  course  there  are  all  kinds  of 
masonry,  and  some  of  it  is  short-lived,  but  I  am  of  the  opinion  that 
first  class  masonry  will  be  much  longer  lived  than  steel  can  pos- 
sibly be. 

Mr.  Finley':  I  am  glad  to  note  that  Mr.  Burdick  agrees  that  the 
proper  way  to  build  an  earthen  dam  is  as  shown  in  Fig.  4.  He 
seems  to  think  that  it  is  better  than  the  older  method  of  putting  the 
core  wall  in  the  center,  although  that  method  of  building  a  dam  is 
still  being  used.  Take  the  dam  at  Belle  Fourche,  South  Dakota, 
now  nearing  completion,  which  is  being  built  for  irrigation  pur- 
poses. It  is  the  largest  dam  in  the  country  and  is  built  with  a 
puddle  wall  in  the  center.  It  is  built  of  the  gumbo  material  found 
in  that  part  of  the  country.     Briefly,  their  method  of  building  is 
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to  spread  that  material  in  6  in.  layers,  wet  it  and  roll  it ;  then,  on 
the  upstream  face  they  shave  off  9  in.  of  the  surface,  so  they' get 
back  into  the  compact  material ;  then  they  line  that  face  with  con- 
crete, first  covering  the  face  with  gravel  to  2  in.  I  have  always  ques- 
tioned building  a  dam  with  the  core  wall  in  the  center. 

I  have  one  objection  to  what  Mr.  Burdick  said  in  regard  to  the 
base;  trouble  may  arise,  not  only  from  frost  but  also  if  you  use 
ordinary  clay  it  is  liable,  when  the  water  is  low,  to  crack.  Some 
years  ago  I  had  something  to  do  with  some  small  dams  in  south- 
ern Illinois,  built  of  ordinary  material  found  in  the  bottom  of  the 
stream,  mostly  silt.  The  spillway  was  built  in  the  middle  of  the 
dams,  with  the  result  that  the  dams  went  out.  Another  dam  of 
larger  dimensions  was  built,  practically  as  shown  in  Fig.  4,  and 
is  giving  very  good  satisfaction.  I  believe  the  dam  should  be  sealed 
off  as  near  to  the  water  surface  as  possible,  and  not  give  any 
chance  to  the  section  of  the  dam  being  saturated  as  you  have  in 
the  dam  with  puddle  core  or  masonry  core. 

I  would  ask  Mr.  Jackson  how  the  beaver  under-drains  his  dam? 
Mr.  Jackson:.  The  cross  section  of  the  beaver  dam  is  con- 
cave up-stream.  The  down-stream  of  the  dam  stands  at  an  angle 
of  about  45  degrees.  The  dam  is  made  up  of  loose  twigs  and 
limbs;  then  he  curves  the  dam  up-stream;  he  interlaces  twigs  and 
limbs,  and  then  plasters  the  structure  all  over  on  the  water-side  with 
mud.  There  is  always  a  certain  amount  of  water  going  through 
the  dam, — enough  to  keep  it  moist.  The  general  idea  is  that  the 
water-tightness  is  on  the  upper  side,  and  the  lower  part  is  an  open 
mass  of  twigs  and  limbs.  I  made  a  careful  examination  of  one 
that  was  about  7  ft.  in  height,  and  discovered  that  the  beaver 
was  ahead  of  me  several  thousand  years  in  this  matter  of  employ- 
ing hydrostatic  pressure  to  the  greatest  advantage. 

Mr.  Bainridge:  I  differ  with  some  of  these  experts  on  the  ques- 
tion of  building  earth  dams.  Probably  99  out  of  100  are  built 
with  the  puddle  core  in  the  middle,  and  I  think  that  is  the  right 
place  for  it.  The  idea  is  to  provide  earth  enough  back  of  the 
puddle  core  to  stand  the  pressure  of  the  water.  The  earth  in  front 
of  the  puddle  core  does  nothing  more  than  to  hold  up  the  puddle 
wall ;  that  is  all  it  is  intended  for,  and  with  the  vertical  pressure 
on  the  puddle  wall,  there  is  less  chance  of  its  sliding  or  breaking 
than  if  it  is  inclined  horizontally  or  if  it  is  near  the  face  of  the 
dam.  If  it  is  near  the  center  of  the  mass  of  earth,  it  is  better  pro- 
tected than  it  would  be  in  any  other  position,  and  less  liable  to 
slide. 

Mr.  Burdick:  One  matter  that  might  be  spoken  of,  in  regard  to 
this  core  wall,  in  the  construction  of  dams,  is  that  the  designs 
change  as  the  character  of  materials  used  in  construction  change. 
When  dam  material  was  limited  to  earth  and  timbers,  builders  per- 
haps made  the  best  use  of  principles  that  they  could,  in  using  those 
materials.    At   the   present   time   we   have  more   materials   at    our 

Vol.  XIV.    No.  5 


Discussion — Stability  of  Dams  '>:;'J 

disposal ;  we  have  steel,  which  is  comparatively  recent  in  its  avail- 
ability for  this  purpose;  and  also  reinforced  concrete.  With  the 
old  non-reinforced  masonry  core  walls  I  think  the  center  location, 
or  at  least  such  position  as  would  permit  of  a  vertical  or  nearly  ver- 
tical wall  is  justified.  Now  we  have  materials  which  are  better 
adapted  to  an  inclined  position  than  the  old,  heavy,  non-reinforced 
masonry  walls,  or  walls  of  clay  puddle.  The  inclined  wall  or  skin 
upon  the  face  of  the  dam  was  first  used  a  few  years  ago  in  the 
construction  of  rock  fill  dams,  where  water-tightness  was  obtained 
by  a  thin  shell  of  timber  or  steel  plates.  These  materials  are  sus- 
ceptible of   considerable   settlement  without   serious   damage. 

/.  F.  Stern,  m.w.s.e.  :  This  question  of  the  sliding  of  the  re- 
taining wall  on  the  earth  has  come  up  with  our  company  again  and 
again.  Mr.  Finley  made  a  suggestion,  that  we  carried  out  which 
seemed  to  work  very  well,  to  let  the  lower  surface  of  the  founda- 
tion or  the  footing  for  the  retaining  wall  have  an  inclination.  That 
is,  let  the  footing  on  the  back  be,  say,  three  feet  deep,  and  at  the 
front,  where  you  come  out  into  the  street,  have  that  two  feet  deep ; 
this  would  mean  that  to  have  any  sliding  you  would  have  to  raise 
the  whole  retaining  wall.  Has  that  principle  ever  been  used  in 
dams? 

Mr.  Jackson:  As  a  matter  of  fact,  we  do  practically  the  thing 
you  speak  of,  where  we  found  a  dam  on  a  gravel  bottom.  It  is  a 
very  good  principle. 

Mr.  Burdick:  I  would  ask  for  an  explanation  of  the  corrosion 
of  iron  pipe  in  the  ground. 

Mr.  Bainridge:  That  it  is  due  to  electric  currents,  there  is  no 
question.  It  occurs  in  cities.  Place  an  iron  pipe  in  the  ground, 
in  some  place  where  there  is  no  possibility  of  its  being  affected 
by  an  electric  current,  and  it  will  not  corrode.  But  in  cities,  where 
the  pipe  comes  in  contact  with  electric  current,  in  the  earth  it 
goes  to  pieces. 

CLOSURE. 

Mr.  Jackson :  I  must  say  that  these  unorthodox  ideas  of  mine 
have  been  received  very  kindly ;  I  rather  expected  there  would 
be  more  severe  criticism. 

Referring  to  Mr.  Bainbridge's  remark  about  the  stability  of  mas- 
onry dams.  In  the  paper  it  will  be  noticed  that  I  recognize  that 
there  is  a  certain  amount  of  stability  of  dams  which  is  not  cal- 
culable. Of  course  there  are  other  elements  of  stability  that  must 
be  counted  on  to  make  the  dam  safe,  but  they  are  not  calculable, 
and  have  never  been  included  in  the  formula. 

The  matter  of  draining  in  a  masonry  dam  is  extremely  important 
as  well  as  in  this  dam. 

In  regard  to  the  relative  cost  of  steel  dams,  I  think  I  am  perfectly 
right  in  saying  this :  Take  any  dam  of  about  50  ft.  or  more  in 
height,  and  for  giver  factors  of  safety  of  4  or  5  for  the  strength 
of  material  of  the  steel  dam,  and  with  a  factor  of  safety  against 
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sliding  of  2  or  more,  and  you  can  get  the  structure  in  steel  very 
much  cheaper  than  in  any  other  possible  material.  If  you  under- 
take to  build  a  masonry  dam  a  factor  of  safety  greater  than  2 
against  overturning,  or  I  against  sliding,  and  include  hydrostatic 
uplift,  you  will  almost  double  the  amount  of  masonry  required. 
In  any  of  these  dams  where  you  secure  water-tightness  by  means 
of  steel  or  concrete,  the  only  thing  you  want  to  have  is  simply 
one  continuous  concave  water-tight  surface  properly  sealed  to  the 
bed  of  the  stream,  then  the  question  of  hydrostatic  uplift  does  not 
enter  into  the  matter,  and  you  can  get  any  factors  of  safety  you 
want. 

As  far  as  durability  of  steel  under  water  is  concerned,  it  is 
only  the  water-tight  surface,  the  one  surface  of  the  steel  that  is 
not  open  to  inspection  and  constant  care.  The  under  side  of  the 
plates  is  as  dry  as  any  other.  It  is  painted  every  once  in  a  while 
and  rain  cannot  strike  it.  Of  course  we  cannot  examine  the 
water  face  of  the  plate,  but,  as  explained  by  Mr.  Bainbridge,  under 
fresh  water  metal  does  not  deteriorate  rapidly  if  at  all. 

As  far  as  the  lower  part  of  the  steel  plates  are  concerned,  of 
course  we  put  in  a  back  fill.  Suppose  you  put  a  layer  of  earth  over 
them;  you  then  have  perfect  means  for  preventing  the  corrosion 
of  the  metal.  One  can  go  further  than  that  and  cover  the  inside 
of  such  a  structure  with  a  reservoir  lining.  The  principle  of  using 
a  curved  surface  on  the  water  side  of  the.  dam  tends  to  take  ad- 
vantage of  the  hydrostatic  pressure  to  the  utmost  in  order  to 
secure  stability  against  sliding  and  overturning. 

This  is  probably  the  first  written  recognition  of  this  principle, 
which  I  believe  will  eventually  greatly  influence  the  designs  of 
dams,   particularly   those   of   steel   and   reinforced   concrete. 

My  thanks  are  due  to  those  who  have  taken  part  in  the  discus- 
sion. 
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PHASES  IN  THE  DEVELOPMENT  OF  THE  STREET  RAILWAYS  OF  CHICACO 
Bion  J.  Arnold,  H.  B.  Fleming  and  George  Weston. 

MEMBERS  W.    S.   E. 

Presented  at  a  Joint  Meeting  of  the  Electric  Section,  W.S.E.  and  of 
the  Chicago  Branch,  A.I.E.E. — May  28,  1909. 

Mr.  W.  L.  Abbott,  m.w.s.e.  (Chairman)  :  We  are  indeed  to  be 
congratulated  in  having  been  able  to  make  arrangements  for  the 
program  which  we  have  tonight.  The  traction  problem  of  Chicago 
has  been  one  of  paramount  interest  here  for  years,  and  it  was  not 
until  comparatively  recently  that  this  community  was  able  to  free 
itself  of  entanglements  so  that  it  could  go  about  the  reconstruction 
of  the  street  railway  systems.  Having  so  cleared  itself,  it  deter- 
mined to  have  the  best  traction  systems  which  it  is  possible  to  con- 
struct. The  city,  with  the  traction  companies,  proceeded  to  organ- 
ize a  Board,  to  take  up  and  solve  these  questions  as  they  should 
be  solved,  and  then  reconstruct  the  traction  systems  according  to  the 
plans  which  they  had  designed. 

It  is  our  privilege  to  listen  to  these  engineers  who  have  this  work 
in  charge,  engineers  whom  we  all  know  are  the  peers  of  any  in  the 
country  in  this  line  of  work.  The  Board  of  Supervising  Engineers 
is  presided  over  by  a  gentleman  who  is  a  Past  President  of  the  West- 
ern Society  of  Engineers,  and  also  a  Past  President  of  the  American 
Institute  of  Electrical  Engineers,  and  being  the  Chief  Engineer  of 
the  Board  it  is  very  appropriate  that  he  should  speak  here  tonight 
and  open  this  discussion. 

I  have  great  pleasure  in  introducing  Mr.  Bion  J.  Arnold,  Chairman 
and  Chief  Engineer  of  the  Board  of  Supervising  Engineers,  Chicago 
Traction. 

Mr.  Bion  J.  Arnold,  m.w.s.e.:  My  mission  tonight,  as  I  take  it, 
is  to  outline  in  a  general  way  the  steps  which  led  up  to  the  adoption 
of  the  present  ordinances  and  to  give  a  general  statement  of  the  way 
in  which  the  work  of  the  Board  of*  Supervising  Engineers  is  con- 
ducted, leaving  to  other  members  of  the  board  to  follow  and  explain 
to  you  more  explicitly  what  we  are  really  doing. 

Perhaps,  while  you  may  have  read  in  the  past  about  our  traction 
problem  and  do  read  in  the  papers  regarding  traction  at  the  present 
time,  you  may  not  have  read  the  papers  during  the  formative  period 
of  this  traction  question  or  prior  to  the  time  when  the  present  ordin- 
ances began  to  be  discussed,  so  that  it  may  be  well  to  go  back  a  little 
into  the  history  of  the  traction  situation  prior  to  the  adoption  of  the 
present  ordinances.  This  traction  question  had  been  a  question  in 
this  city  for  about  ten  years  prior  to  the  adoption  of  the  present 
ordinances  on  February  n,  1907.  During  these  preceding  ten 
years,  various  differences  of  opinion  arose  between  the  citizens  and 
the  traction  companies,  as  is  often  the  case  in  other  cities.  Most 
of  these  differences   arose  through  misunderstandings,  and  it  was 
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only  when  they  were  thoroughly  discussed — threshed  out,  as  it  were, 
before  the  public  and  before  the  authorities  representing  the  city — 
that  they  were  finally  understood  and  a  basis  agreed  upon  which 
forms  the  present  plan  under  which  we  are  now  reconstructing  the 
properties.    These  ordinances  were  shaped  only  after  many  months, 
I  might  say  years,  of  work  on  the  part  of  the  legislators  of  the 
city  and  of  engineers  representing  the  city,  in  determining  the  value 
of  the  present  properties  and  in  assisting  in  outlining  the  present 
ordinances.    As  a  step  precedent  to  the  establishment  of  the  present 
ordinances,  it  was  deemed  by  the  authorities  of  the  city  necessary  to 
value  the  properties  of  the  present  street  railway  companies,  and  a 
valuation  commission  was  organized  in  1906  to  value  the  properties. 
This  was  called  the  Traction  Valuation  Commission,  and  consisted 
of  three   men   appointed   by  the   city.     These  men   spent   several 
months  examining  the  properties,  and  finally  submitted  to  the  City 
Council  a  report  which  fixed  the  valuation  of  the  properties  at  about 
$47 ,000,00c,  exclusive  of  the  pavement,   or  about  $52,000,000  in- 
cluding the  pavement..    The  reason  that  the  valuation  was  given  in 
this  manner  was  due  to  the  fact  that  there  was  a  legal  question  in- 
volved, which  could  not  be  determined  without  litigation.     The  at- 
torneys for  the  railway  companies  contended  that  they  were  en- 
titled to  credit  for  the  pavement,  while  the  attorneys  for  the  city  con- 
tended that  the  companies  were  not  entitled  to  credit  for  this  pave- 
ment.    There  was  no  way  for  the  Valuation  Commission  to  de- 
termine this  question ;   consequently  it  submitted   its   figures  both 
ways,  in  order  that  the  City  Council,  through  its  Transportation 
Commitee,    could    determine    which   figure   it   wanted    to   take   or 
whether  to  make  an  average  of  these  figures,  which  was  finally 
done.     The  result  was  that  the  Transportation  Committee  of  the 
City  Council  finally  agreed  upon  an  even  figure  of  $50,000,000  as  a 
fair  valuation  for  the  property  of  the  two  railway  companies — the 
Chicago  City  Railway  Company  and  the  then  Chicago  Union  Trac- 
tion   Company,    now    the    Chicago  Railways    Company.       Of   this 
sum,  $21,000,000  was  allotted  to  the  Chicago  City  Railway  Com- 
pany, and  $29,000,000  to  the  Chicago  Railways  Company,  and  those 
figures  were  accepted  by  the  railways  and  formed  the  nucleus  of  the 
present  valuation  of  the  properties. 

The  ordinances  provide  that  the  properties  shall  be  reconstructed 
under  the  direction  of  a  Board  of  Supervising  Engineers,  and  in  ac- 
cordance with  plans  prepared  and  approved  by  that  Board.  The 
companies  are  to  be  credited  with  this  $50,000,000  and  with  all 
additional  money  that  is  put  into  the  properties  in  accordance  with 
the  plans  which  must  meet  with  the  approval  of  the  Board.  Thus 
the  city,  in  case  it  ever  should  get  ready  to  purchase,  knows  the 
exact  price  of  the  properties  at  the  time  of  the  purchase,  as  no 
money  is  credited  to  capital  account  without  it  is  certified  to  by  the 
Board,  the  certificates  being  filed  monthly  with  the  City  Comp- 
troller.   There  is  thus  always  a  record  in  the  City  Hall  of  the  exact 
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amount  of  money  that  has  gone  into  the  properties ;  the  work  of  this 
Board,  among  other  things,  is  to  certify,  from  month  to  month,  the 
amount  of  work  done  during  the  previous  month. 

These  ordinances  provide  in  general  as  follows:  the  railway 
companies  agree  to  completely  rehabilitate  the  properties  and  to 
furnish  sufficient  money  to  accomplish  this  purpose  in  accordance 
with  the  plans  which  this  Board  prepares,  there  being  no  limit  to 
the  amount  of  money  that  the  railway  companies  are  required  to 
furnish,  leaving  that  question  to  the  judgment  of  the  Board  of 
Engineers. 

This  Board  of  Engineers  consist  of  four  men,  two  of  whom  rep- 
resent the  companies,  one  represents  the  city,  and  the  fourth  man  rep- 
resents both  parties.  When  any  question  arises  which  affects  one 
company,  that  company  has  a  full  vote  through  its  representative 
on  the  Board,  the  city  has  one  full  vote,  and  the  third  man  has  the 
deciding  vote  between  the  two,  in  case  of  a  difference  of  opinion. 
I  am  glad  to  say  that  up  to  the  present  time  there  have  been  very 
few  final  differences,  almost  all  questions  having  been  decided  by  a 
practically  unanimous  vote.  In  case  a  question  arises  which  in- 
volves the  interests  of  both  the  railway  companies,  then  the  repre- 
sentatives of  the  railway  companies  upon  the  Board  have  a  half  vote 
each.  So  that  there  is  always  one  railway  vote,  one  city  vote,  and 
one  independent  vote.  It  may  be  cast  with  the  railway  company 
or  it  may  be  cast  with  the  city ;  it  depends  upon  what  this  third  man 
on  the  Board  thinks  of  the  question.  I  want  to  make  it  clear,  be- 
cause the  Board  practically  consists  of  three  men,  when  it  af- 
fects the  interests  of  any  particular  company,  but  when  the  two 
interests  are  affected,  then  there  are  four  men  that  vote,  but  the 
two  railroad  men  then  constitute  one  vote.  That  plan  was  provided 
for  in  the  ordinance  in  order  that  there  might  always  be  an  odd 
vote  on  the  Board. 

Under  the  ordinances,  the  companies  are  required  to  largely  re- 
construct their  systems  within  a  certain  three  years  "rehabilitation 
period."  This  rehabilitation  of  the  properties  has  cost  close  to 
$30,000,000  in  the  last  two  years.  We  have  the  remainder  of  this 
season  for  work  with  the  Chicago  City  Railway  Company,  during 
which  it  will  spend  probably  $2,000,000.  The  Chicago  Railways 
Company  has  yet  two  years  for  its  improvements  so  that  there 
will  probably  be  put  into  the  properties,  before  we  get  through,  some- 
where between  $35,000,000  and  $40,000,000.  We  hope  to  get 
through  within  the  latter  figure,  but  we  are  not  sure,  as  it  de- 
pends upon  whether  we  build  power  houses  or  not. 

The  ordinances  provide  that  the  railway  companies  shall  receive  a 
profit  on  this  reconstruction  work  of  10%  over  and  above  the 
actual  cost  to  the  company.  In  addition  thereto,  there  is  an  ad- 
ditional 5%  allowed  for  securing  the  money,  that  being  the  ordinary 
brokerage  that  it  costs  to  secure  money,  taking  into  consideration 
the  discount  on  the  bonds  and  other  incidental  expenses  toward  se- 
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curing  it.  So  that  the  companies  receive  15%  over  and  above  the 
actual  cash  used  in  the  rehabilitation  work,  their  net  profit  being 
10%.  They  are  furthermore  required  to  set  aside  or  spend  upon  the 
properties  after  they  are  once  reconstructed,  6%  of  the  gross  re- 
ceipts for  maintenance  or  repairs.  That  means  ordinary  up-keep, 
such  as  replacing  small  parts,  brake  shoes,  wheels,  and  things  of 
that  character.  In  addition  to  that,  they  are  required  to  set  aside  8% 
of  the  gross  receipts  monthly,  into  a  special  fund,  deposited  in 
banks  designated  by  the  city,  and  approved  by  the  Board,  which 
funds  remains  in  the  bank  unless  it  be  drawn  upon  to  replace 
principal  parts  of  the  property.  For  instance,  if  it  becomes  neces- 
sary to  replace  an  old  car  with  a  new  car,  this  fund  is  drawn  upon 
for  an  amount  equivalent  to  the  value  of  the  old  car  and  the  dif- 
ference between  the  cost  of  the  new  car  and  the  cost  of  the  old 
car  is  charged  to  capital  account.  The  old  car  is  sold;  the  amount 
of  salvage  from  the  old  car  is  deducted  from  capital  account.  Thus 
capital  account  is  only  increased  to  the  extent  of  the  cost  of  the  new 
car  over  the  old  car,  less  the  salvage  on  the  old  car.  That  is  why 
this  fund  is  called  the  renewal  and  depreciation  fund.  The  or- 
dinances were  framed  upon  the  theory  that  the  city  should  be  able  to 
purchase  the  properties  at  any  time,  upon  giving  six  months'  notice 
to  the  railway  companies  of  its  desire  to  do  so.  That  is,  the  city  can 
purchase  on  the  first  of  February  of  any  year,  after  having  previ- 
ously given  six  months'  notice  of  its  desire  to  purchase.  The 
price  that  the  city  would  have  to  pay  would  be  known  by  virtue  of 
the  valuation  previously  fixed,  viz.,  $50,000,000,  plus  the  sum  of 
the  certificates  issued  by  the  Board  up  to  the  time  of  purchase. 
Now  in  order  that  the  city  would  be  insured  of  a  first  class  railroad 
system,  or  enough  cash  somewhere  to  put  it  in  first  class  shape,  this 
renewal  fund  was  established.  After  the  rehabilitation  work  is 
completed,  it  is  expected  that  the  railway  will  be  maintained  to 
as  high  a  point  of  efficiency  and  maintenance  as  a  railroad  can  be 
maintained.  We  have  assumed,  from  the  best  information  that  we 
could  gather,  from  the  experience  of  the  members  of  the  Board,  and 
from  other  engineers  with  whom  we  have  conferred,  that  it  would 
be  possible  to  maintain  a  railroad  at  about  85%  of  its  first  cost. 
Before  any  large  railroad  system  is  finished,  part  of  it  is  worn  out, 
consequently  you  can  not  maintain  it  at  100%  of  its  original  cost, 
but  you  can  probably  maintain  it  at  about  85%,  and  this  renewal 
fund  is  intended  to  maintain  the  property  up  to  that  point  all  the 
time,  and  that  85%  is  considered  under  the  ordinance  as  100% 
good,  that  being  the  highest  point  at  which  it  is  expected  that  you 
can  ever  maintain  this  -property.  But  suppose  at  the  time  of  pur- 
chase by  the  city  that  the  railroad  companies  have  not  maintained 
the  properties  up  to  this  85%,  then  the  difference  between  that 
value  and  the  value  at  which  they  have  maintained  it,  will  be  found 
in  cash  in  this  fund,  which  will  be  taken  over  by  the  city  at  the 
time  of  the  purchase.    Thus  the  city  acquires  a  railroad  in  first  class 
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condition,  or  it  acquires  a  railroad  in  poor  condition  but  with 
enough  cash  on  hand  to  put  it  in  first  class  condition.  This  is  a 
very  wise  provision  in  the  ordinance,  although  there  has  been  no 
disposition  shown  as  yet,  not  to  put  the  money  into  the  roads  and 
maintain  them  properly,  and  probably  will  not  be. 

The  ordinances  provide  that  out  of  the  gross  receipts  of  the  rail- 
way companies,  first  shall  come  the  operating  expenses  of  the 
companies ;  then  will  come  this  renewal  fund  of  8  %  ;  the  operating 
expenses  including  the  6%  fund  previously  mentioned.  After  the 
operating  expenses  and  these  funds  have  been  provided  for,  the  com- 
panies receive  5%  upon  the  amount  of  cash  invested  in  the  proper- 
ties at  the  time  of  consideration,  as  evidenced  by  the  Board's  cer- 
tification. After  this  5%  has  been  deducted,  there  remains  a  net 
balance  of  something.  That  net  balance  is  divided  between  the 
companies  and  the  city  in  the  proportion  of  55%  to  the  city  and 
45%  to  the  companies.  This  feature  of  the  ordinances  naturally 
requires  some  supervision  on  the  part  of  the  city  or  somebody,  in 
order  that  the  public  may  be  assured  that  the  city  is  receiving  its 
proper  proportion  of  the  net  profits.  Consequently,  the  power  of 
supervision  of  the  books  of  the  companies  is  placed  with  this  Board 
of  Supervising  Engineers.  The  result  is  that  the  Board  has  a 
large  auditing  staff,  which  is  constantly  in  touch  with  the  books  of 
the  company ;  in  fact  it  has  auditors  in  the  offices  of  each  of  the 
companies,  supervising  the  books,  or,  to  see  that  the  books  are  kept 
in  accordance  with  the  forms  which  have  been  originated  by  the 
Board  and  approved  by  the  City  Comptroller.  Our  auditors  pass 
from  one  company  to  the  other  and  check  up  monthly  all  expendi- 
tures upon  which  to  base  our  certificates.  During  the  reconstruc- 
tion period,  these  certificates  are  not  only  based  upon  the  books  of 
the  company  but  also  upon  the  reports  of  the  Assistant  Engineers, 
working  under  the  Chief  Engineer  of  the  work,  of  which  Mr. 
Weston  will  tell  you  later,  as  he  is  the  Assistant  Chief  Engineer  and 
has  charge  of  that  part  of  the  work.  The  Assistant  Engineers  are 
inspecting  the  work  all  over,  simultaneously  with  the  auditors' 
examination  of  the  companies'  books.  Each  set  of  men  send  reports 
into  the  offtce  and  the  heads  of  the  departments  make  up  their 
reports  to  a  certain  point,  independently  of  each  other.  Then  the 
reports  are  compared  and  if  there  is  no  discrepancy  between  the 
engineers'  report  and  the  auditors'  report,  they  are  assumed  to  be 
correct,  but  if  there  is  a  discrepancy,  then  the  thing  is  analyzed  care- 
fully and  made  to  harmonize  before  the  certificate  is  finally  passed 
by  the  Board  and  submitted  to  the  City  Comptroller.  Thus  you  see 
we  have  two  independent  sources  of  assuring  ourselves  of  accu- 
racy ;  first,  the  auditing  department ;  second,  the  engineering  depart- 
ment ;  and  we  feel  that  the  work  is  thoroughly  and  carefully  done, 
and  that  it  is  accurate,  though  of  course  some  minor  mistakes  may 
creep  in  from  time  to  time.  But  there  is  always  a  chance  for  cor- 
rection, as  we  have  sixty  days  to  correct  any  certificate  given.    The 
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result  is  we  catch  the  error,  if  any,  and  correct  it  in  a  correcting 
certificate,  and  we  believe  that  the  records  of  the  Board  will  be 
found  sound  by  any  one  up  to  the  present  time,  and  we  hope  they 
will  so  continue. 

Chairman  Abbott:  Those  people  who  live  in  that  part  of  Chicago 
which  they  are  pleased  to  call  the  residence  part  of  the  city,  the 
South  Side,  have  always  attributed  not  a  little  of  the  advantages 
of  their  section  of  the  city  to  the  superb  street  car  service  which  has 
always  been  furnished  them.  When  the  cable  was  finally  hauled 
out  of  the  trench  on  its  last  round  and  everything  was  replaced  by 
electric  cars,  the  system  which  had  theretofore  been  satisfactory 
became  even  more  so.  Mr.  Harry  B.  Fleming,  who  has  had  re- 
sponsible charge  of  the  work  of  directing  the  engineering  of  the 
City  Railway  and  who  is  also  a  member  of  the  Board  of  Supervising 
Engineers,  will  next  address  you. 

Mr.  H.  B.  Fleming,  m.w.s.e.  :  When  requested  to  talk  informally 
on  certain  phases  in  the  development  of  the  street  railway  systems 
of  this  city,  I  hesitated  to  accept  the  invitation,  owing  to  the  fact 
that  the  work  covered  such  a  broad  field  that  it  was  difficult  to  decide 
on  a  subject  which  could  be  covered  in  the  short  space  of  time  al- 
lowed and  in  a  manner  to  prove  of  interest. 

After  consideration,  I  have  selected  the  subject  of 

Street  Railway  Carhouse  Design  and  Operation, 

and  I  can  only  hope  at  the  present  time  to  call  your  attention  to 
certain  phases  of  this  subject  which  are  new  and  which  I  think 
will  be  of  interest. 

Location  :  In  selecting  a  location  for  a  carhouse,  the  points  to  be 
considered  are: 

i.     Provision  for  future  requirements. 

2.  Convenience  and  economy  of  operation,  i.  e. — minimizing 
of  dead  mileage  and  maintenance. 

3.  Fire  Risk — location   with   reference  to   other   buildings. 

4.  Economy  of  Construction. 

5.  Facilities  for  drainage  and  sewerage,  especially  if  pits 
are  used. 

.  6.     Room  for  proper  layout  of  tracks  and  extensions. 
Design:   The   Board  of   Supervising   Engineers   in   considering 
the  question  of  Carhouse  design  reached  the  following  conclusions : 

1.  All  carhouses  that  were  to  be  permanent  should  be 
divided  into  bays  or  sections  so  as  to  reduce  to  a  minimum 
the  loss,  in  case  of  fire. 

2.  New  carhouses  to  be  built  should  also  be  divided  into 
bays  or  sections  and  should  be  of  fire-proof  construction. 

3.  Where  any  old  carhouses  are  to  be  remodeled  in  such  a 
manner  as  to  become  a  permanent  structure  involving  the  ex- 
penditure of  considerable  money,  such  buildings  should  be 
fire-proof. 
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4.  Where  it  is  necessary  to  remodel  old  carhouses,  in  order 
to  accommodate  the  large  modern  cars  temporarily  and  which 
would  probably  be  abandoned  in  the  near  future; "such  modifi- 
cations should  be  made  with  as  little  expense  as  would  make 
them  reasonably  safe  for  the  storage  of  property  contained 
in  them  and  that  they  should  be  abandoned  and  new  fire-proof 
carhouses  built  in  their  place,  at  the  proper  time,  at  the  same  or 
more  desirable  locations. 

5.  Wherever  conditions  will  permit,  the  carhouses  are  to 
be  of  the  double-ended  type. 

The  latest  approved  design  of  carhouses  conforms  with  the  above 
general  requirements  and  T  wish  to  call  your  attention  to  various 
features  in  connection  with  the  same. 

Accommodations  for  trainmen  and  carhouse  employes: 
Ample  accommodations  have  been  provided  for  the  office  of  the 
Division  Superintendents,  Clerks  and  Trainmen ;  in  addition,  a  Club 
Room,  Coat  Room  and  Reading  Room  is  furnished  for  the  use  of 
the  employes  assigned  to  duty  at  the  Division  of  which  the  car- 
house  in  question  is  the  headquarters.  The  club  room  is  furnished 
with  pool  and  billiard  tables,  chess  and  card  tables  and  a  small  amount 
of  gymnasium  apparatus  and  a  stage.  These  rooms  are  open  to  em- 
ployes at  all  times  and  they  are  given  the  privilege  of  holding 
various  entertainments  in  them.  A  small  library  is  kept  in  sectional 
book  cases  along  the  walls  of  the  reading  room  and  on  the  tables 
are  current  issues  of  daily  papers  and  some  of  the  technical  jour- 
nals. 

Special  attention  has  been  paid  to  providing  toilet  facilities  for 
all  of  the  carhouse  employes  and  in  addition  the  repairmen  are 
provided  with  locker  rooms  and  lunch  rooms. 

Car  storage  sections:  Each  bay  or  section  is  independent  of 
all  others  and  all  openings  between  sections  are  provided  with 
double  automatic  steel  fire  doors.  Each  bay  is  approximately  490 
ft.  long  and  38  ft.  wide  and  contain  three  (3)  tracks,  with  a 
capacity  of  thirty  (30)  standard  double  truck  cars. 

Each  track  is  divided  into  three  (3)  sections;  the  middle  sec- 
tion being  pitted,  so  as  to  permit  of  ready  inspection  and  repair  of 
the  trucks,  motors  and  car  equipment  suspended  underneath  the 
body. 

The  fire-walls  of  each  bay  are  of  brick,  12  in.  thick,  spanned  by 
re-inforced  concrete  girders  spaced  16  ft.  centers  and  18  ft.  in  the 
clear  and  covered  with  a  re-inforced  concrete  slab  4^2  in.  thick, 
cast  in  one  piece  over  the  entire  roof.  The  middle  eight  ft.  section  of 
the  roof  of  each  bay,  except  at  the  end  panels,  is  covered  with 
fire-proof  sky  lights  for  lighting  and  ventilation.  The  ends  of 
each  bay  are  provided  with  galvanized  steel  rolling  doors. 

The  tracks  in  the  bays  are  connected  with  the  main  line  in  the 
street  by  curves  at  each  end,  or  in  other  words  the  carhouse  is  of 
the  double  ended  type,  so  that  the  cars  can  come  in  at  one  end,  be 
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washed  and  fumigated,  passed  over  the  pits,  inspected  and  repaired, 
and  thence  moved  on  to  the  other  end  of  the  carhouse  ready  to 
go  in  service  again,  without  any  switching  or  reverse  movement  after 
the  process  is  once  started. 

Repair  section:  Every  carhouse  is  provided  with  one  section 
which  is  known  as  the  repair  section,  where  special  provisions  have 
been  made  and  special  machinery  installed  for  the  economical  hand- 
ling and  repairing  of  cars. 

I  desire  to  call  your  attention,  at  this  time,  to  the  overhead 
travelling  cranes,  by  the  use  of  which  we  are  enabled  to  shift  our 
standard  double  truck  car  bodies  from  one  pair  of  trucks  to  an- 
other pair  in  less  than  three  minutes.  These  cranes  are  also  very 
useful  in  the  truck  repair  section.  In  addition  to  the  above,  each 
repair  section  is  provided  with  the  following  tools : 

i  motor  driven  lathe. 

I  motor  driven  drill. 

I  motor  driven  emery  stone  with  48  in.  grindstone. 

1  portable  beam  for  swinging  armatures  into  lathe  with  tri- 
plex chain  blocks. 

Assortment  of  drills,  and  of  wrenches. 

1  mandrel  and  40  in.  forge. 

2  vises. 

1   carpenter  bench. 

1  pipe-fitter's  bench. 

1  6-foot  face  plate,  assortment  of  sledge-hammers  and  hand 
hammers,  cutting  chisels,  drifts  and  jacks. 

It  should  be  understood,  that  only  certain  classes  of  work  are 
handled  in  the  carhouses.  Whenever  cars  require  general  overhaul- 
ing or  repairing,  they  are  sent  to  the  main  shops. 

Lighting  and  wiring:  All  light  and  power  wires  are  installed 
in  conduits  and  according  to  the  requirements  of  the  National 
Board  of  Fire  Underwriters.  The  general  lighting  is  accomplished 
by  means  of  arc  lamps,  five  in  series,  on  500  volt  circuit.  The 
lights  are  staggered  in  various  bays  so  as  to  provide  general  light- 
ing between  the  rows  of  cars.  Lighting  in  the  pits  is  obtained  by  the 
use  01"  incandescent  lamps  on  500  volt  circuit,  special  arrangements 
having  been  made  for  pit  lighting,  in  order  to  reduce  the  same  to 
a  minimum  and  vet  provide  the  lights  needed  by  the  inspectors  and 
repairmen. 

The  power  supply  for  the  building  is  controlled  from  what  is 
known  as  the  switch  room.  The  power  supply  for  each  bay  and  the 
trolley  wire  leading  from  the  same  to  the  street  is  also  controlled 
from  this  switch  room  so  that  in  case  of  fire  in  any  one  section, 
the  power  can  he  cut  off  from  the  same  without  interfering  with  the 
supply  in  the  other  sections,  which  would  prevent  the  removal  of 
cars  from  the  danger  /one. 
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This  switch  room  has  direct  connection  with  the  street,  so  that  it 
would  not  be  necessary  for  the  operator  to  go  through  a  burning 
section  to  pull  the  desired  switch. 

Heating:  The  buildings  are  heated  by  direct  radiation  and  in 
most  of  the  buildings  the  vacuum  system  has  been  installed.  In 
the  original  installation  it  was  considered  necessary  to  provide  over- 
head coils  in  the  vicinity  of  the  sky  lights,  but  experience  has  proven 
that  the  bays  can  be  properly  heated  by  locating  the  coils  only  in  the 
pits  and  on  the  side  walls  in  the  immediate  vicinity  of  the  end  doors. 

The  stacks  in  connection  with  the  heating  plants  are  of  the  re- 
inforced concrete  type. 

Utility  sections:  Each  division  carhouse  is  provided  with 
quarters  for  the  following  utilities : 

1.  Wreck  and  trouble  wagons. 

2.  Track  dept.  section  house  and  tool  room. 

3.  Dry  sand  storage. 

4.  Salt  storage. 

5.  Storage  of  summer  and  winter  equipment,  such  as  storm 
windows,  screens,  etc. 

6.  Stock   room,   containing  material  and   supplies   required 
for  the  carhouse  maintenance  work. 

7.  Advertising   room. 

Insurance:  In  the  design  briefly  described  above,  special  at- 
tention has  been  given  to  protection  against  loss  by  fire  and  the 
results  obtained  have  been  very  satisfactory,  as  you  will  note  from 
the  following: 

Comparison  Statement — Fire  Insurance. 

Total  Ins.,  1906,  $6,441,869.00  Premium  $64,418.60  Rate  $1.00 
Total  Ins.,  1906,  7,432,413.00  Premium  61,024.40  Rate  .82 
Total  Ins.,  1907,  9,660,000.00  Premium  65,688.00  Rate  .68 
Total  Ins.,  1908,  9,775,000.00  Premium  58,650.00  Rate  .60 
Total  Ins.,  1909,  10,300,000.00  Premium  51,500.00  Rate  .50 
Increased  Ins.,   1909,  $525,000.00       Decreased  Premium  $7,150.00 

Operating  methods  :  I  have  attached  to  this  paper  the  principal 
blanks  which  are  used  in  the  carhouse  repair  and  cleaning  work,  to- 
gether with  an  outline  describing  the  manner  of  using  the  same, 
which  I  will  leave  with  the  Secretary,  so  that  any  who  so  desire 
may  have  the  privilege  of  examining  the  same.  Briefly  they  con- 
sist of  the  following: 

Motorman's  Sign-In-Sheet,  Exhibit  "A." 
Daily  Record  of  Repairs,  Exhibit  "B." 
Report  of   Cars  Sent  to  Shop,  Exhibit  "C." 
Report  of  Cars  Returned  to  Service,  Exhibit  "D." 
Repairman's  Slip,  Exhibit  "E." 
Car  Placer's  Record,  Exhibit  "F." 
Daily  Report  of  Carhouse  Foreman,  Exhibit  "G." 
Car  Cleaner's  Report,  Exhibit  "H." 
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CARHOUSE   REPAIRS  AND  CLEANING. 

Blanks  and  Forms  as  used  on  the  Line  of  the  Chicago  City  Railway 

Company. 

Motorman's  Sign-In-Sheet,  Exhibit  A. 

Motormen  are  required  to  make  a  record  of  the  condition  of 
every  car  they  operate.  This  applies  equally  to  supply  and  work 
cars,  as  well  as  passenger  cars. 

Pads  of  these  sheets  are  kept  in  trainmen's  waiting  room  in  a 
neat  frame.  Motormen  state  the  time  car  is  turned  in,  car  number, 
condition  of  car,  writes  nature  of  defect,  or  O.  K.,  and  signs  his 
full  name. 

After  one  of  these  sheets  is  filled  out  clerk  to  carhouse  foreman 
takes  it  and  enters  on  Exhibit  "B,"  explained  next ;  the  report  is 
then  filled  in  by  carhouse  foreman  in  column  showing  "Action 
Taken."    He  here  states  "Repaired,"  "Held  In,"  or  "Sent  to  Shops." 

After  foreman  finishes  with  sheet,  showing  action  taken  on  every 
car  reported,  it  is  turned  into  office  of  Assistant  Master  Mechanic, 
who  certifies  to  the  correctness  of  the  record. 

At  the  end  of  each  month  the  records  from  each  carhouse  are 
sent  to  the  Claims  Department  for  permanent  file. 

Daily  Record  of  Repairs,  Exhibit  B. 

This  record  is  kept  in  carhouse,  easily  accessible  to  repairmen. 
Cars  reported  defective  on  Sign-In-Sheet  are  listed  on  this  record. 
Down  the  left  hand  side  are  listed  in  alphabetical  order,  the  parts 
of  a  car  most  frequently  requiring  attention.  Car  number  is  placed 
in  proper  column,  and  next  to  this  column  is  a  space  in  which  the 
repairman  places  his  pay  roll  number,  after  he  had  made  the  neces- 
sary repairs.  This  gives  a  record  that  the  defects  reported  by  train- 
men have  been  repaired.  Carhouse  foremen  can  tell  at  a  glance  who 
the  individual  was  that  made  the  repairs. 

The  repair  work  is  automatically  distributed  to  the  repairmen  and 
a  complete  record  of  each  day's  repair  work  is  kept  on  file  in  car- 
house  foreman's  office. 

Report  of  Cars  Sent  to  Shop,  Exhibit  C. 

Whenever  necessary  to  send  a  car  to  the  shops,  one  of  these 
forms  is  filled  out  by  carhouse  foreman  and  accompanies  the  car 
to  the  shops.  After  repairs  are  made,  shop  inspector  certifies  on 
back  of  this  record  that  he  has  inspected  the  car  and  same  is  in 
good  condition,  before  it  is  sent  back  to  carhouse. 

In  case  of  repairs  caused  by  accidents  in  service,  the  expense  of 
repairs  is  entered  on  back  of  slip. 

Report  of  Cars  Returned  to  Service,  Exhibit  D. 

In  case  repairs  could  not  be  made  on  the  same  date  as  reported 
and  it  becomes  necessary  to  hold  the  car  in  for  one  or  more  days, 
the  carhouse  foreman  fills  out  one  of  these  blanks  for  each  car  re- 
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ported  on  Sign-In-Sheet  as  "Held  In";  when  he  returns  car  to 
service  he  certifies  to  repairs  having  been  made  and  this  is  sent 
with  the  Sign-In-Sheets  to  the  Claims  Department  for  permanent 
file. 

Repairman's  Slip,  Exhibit  E. 

In  order  to  further  check  the  individual  work  of  each  repair- 
man, he  is  furnished  with  these  blanks,  and  his  work,  as  taken  from 
the  larger  record  sheet,  is  entered  on  blank  which  shows  the  com- 
plete record  of  each  man's  work  per  day.  This  not  only  assists  in 
Claims  work  in  showing  that  car  was  repaired,  but  gives  the  fore- 
man opportunity  to  trace  back  poor  work  to  the  individual. 

Car  Placer's  Record,  Exhibit  F. 

As  cars  are  turned  in  by  trainmen  they  are  met  by  car  placers  who 
line  up  the  cars  in  their  respective  bays  (certain  cars  always  being 
kept  in  a  given  bay). 

Car  placer  enters  on  these  sheets  car  numbers  in  the  order  that 
they  are  turned  in.  This  gives  permanent  record  of  location  of 
each  car  in  the  carhouse.  On  back  of  these  reports  car  placer  notes 
defects  reported  verbally  by  motorman  when  he  turns  car  in.  With 
this  verbal  report,  the  Sign-In-Sheets,  and  daily  inspection  made 
regardless  of  any  reported  trouble,  it  is  seldom  that  a  car  is  put 
into  service  in  any  way  defective. 

Daily  Report  of  Carhouse  Foreman,  Exhibit  G. 

A  daily  report  is  made  by  each  carhouse  foreman-  to  the  Assist- 
ant Master  Mechanic,  showing  statement  of  cars  charged  to  that 
division,  defective  cars  "Pulled  In"  and  cars  "Held  In"  for  re- 
pairs. 

The  per  cent  of  the  "Pulled  in"  cars  to  cars  operated  is  figured 
and  noted  on  each  day's  report.  These  per  cents  are  plotted  on 
cross  section  paper  Exhibit  "H."  Lines  showing  dairy  records  of 
each  car  house  are  carried  across  the  chart  in  color,  each  division 
having  its  indicating  color. 

These  charts  are  drawn  up  to  show  two  months'  continuous  op- 
eration. The  weather  condition  is  noted  on  the  chart  each  day.  This 
affords  the  individual  responsible  for  the  maintenance  work  a  com- 
parison of  the  character  of  the  work  at  each  division  and  by  analyz- 
ing a  peak  on  the  chart  by  means  of  daily  report  showing  what 
is  causing  the  "pulls  in"  he  can  quickly  tell  what  is  causing  the 
trouble  on  each  division. 

Car  Cleaning. 

Car  cleaning,  inspection,  and  repairing  are  arranged  to  be  carried 
on  progressively  as  the  car  is  moved  up  from  rear  of  carhouse, 
over  inspection  pits  to  storage  tracks  in  front ;  cars  are  first  met  by 
cleaners  who  sweep  floors  and  platforms. 

All  cars  are  swept  each  time  they  are  turned  in  from  service,  but 
body  cleaning  (with  exception  of  emulsion  cleaning)  is  done  when 
car  is  finally  turned  in  at  night. 
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Car  Cleaner's  Report,  Exhibit  H. 

Each  cleaner  is  required  to  fill  out  this  blank  showing-  total  num- 
ber of  cars  worked  on  and  the  class  of  cleaning  he  is  required  to 
do ;  from  these  individual  slips  a  permanent  record  is  maintained  in 
a  car  cleaning  book  which  shows  the  class  and  amount  of  cleaning 
work  done  on  a  car  each  month.  This  record  is  kept  by  the  use  of  a 
set  of  symbols  (see  Exhibit  "I")  certain  marks  indicating  a  class  of 
cleaning  or  inspection,  or  disinfecting. 

Cars  are  cleaned  with  emulsion  cleaner  at  intervals  of  about  forty 
days  and  this  cleaning  is  entered  in  record  book  in  red  pencil.  By 
this  means  it  is  easy  to  tell  which  car  is  next  in  order  for  thorough 
cleaning  with  the  emulsion  process. 

Terminal  Cleaning  and  Repairs. 

At  the  terminus  of  each  line  are  men  known  as  "Terminal  Clean- 
ers." These  men  are  furnished  with  full  supply  of  small  repair 
parts,  and  are  expected  to  make  minor  repairs,  thus  keeping  in  serv- 
ice many  cars  which  otherwise  would  have  been  "pulled  in."  Also, 
each  car  is  swept  at  the  end  of  each  round  trip,  thus  keeping  the 
floors  and  platforms  always  in  a  clean  condition. 

Chairman  Abbott:  I  had  hoped  at  this  point  in  the  program  to 
have  the  pleasure  of  introducing  to  you  Mr.  John  Z.  Murphy,  Chief 
Engineer  of  the  Chicago  Railways  Company,  but  he  is  not  able  to 
be  with  us  this  evening.  I  can  not,  however,  forego  the  oppor- 
tunity to  pay  a  tribute  to  the  rare  accomplishment  of  this  engineer. 
Mr.  Murphy's  early  experience  and  training  as  a  marine  engineer 
and  as  a  sailing  master  taught  him  the  useful  lesson  that,  regardless 
of  what  sort  of  a  craft  he  found  himself  afloat  in,  it  was  expedient 
to  keep  the  craft  afloat  and  bring  it  into  port  again.  The  necessities 
which  his  later  position  put  upon  him  showed  the  value  of  his 
early  training.  Placed  in  charge  of  a  traction  system  which  was 
composed  of  overlapping  and  underlying  systems  of  various  sorts, 
and  which  was  skillfully  bound  hand  and  foot  by  one  of  the  ablest 
"financiers"  of  the  country,  Mr.  Murphy  with  scarcely  any  visible 
means  of  support,  I  was  going  to  say,  to  carry  on  his  department,  re- 
built his  engines,  rewound  his  generators,  reconstructed  his  lines,  re- 
built his  motors,  and  kept  going  in  fairly  good,  serviceable  condition. 
a  system  which  manv  would  have  been  disposed  to  have  shut  down 
and  called  for  a  receiver  to  sell  out.  But  Mr.  Murphy,  with  his  per- 
sistence, with  his  ingenuity,  and  his  great  energy,  was  able  to  keep 
the  North  and  West  Side  systems  going  in  a  condition  which  fur- 
nished fairlv  good  service  to  those  two  sections.  We  very  much 
regret  Mr.  Murphy's  inability  to  be  here  this  evening. 

Some  twenty  years  a<ro  it  was  my  pleasure  to  have  the  next 
speaker  of  the  evening  check  up  my  work  and  allow  the  estimates 
on  it.  I  have  been  grateful  to  him  ever  since,  for  passing  almost 
evervtbin<?  I  turned  in.  Mr.  Weston  has  gfrown  up  with  the  trac- 
tion svstem  of  the  city.  He  built  the  cable  svstems  of  the  North 
and  West  Sides,  and  later  on  it  was  his  privilege  to  see  the  mistakes 
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of  his  earlier  work  and  rip  it  out,  and  install  electric  systems  in- 
stead. 

It  is  my  pleasure  to  introduce  Mr.  George  Weston,  Assistant 
Chief  Engineer  and  representative  of  the  City  of  Chicago  on  the 
Board  of  Supervising  Engineers. 

Mr.  George  Weston,  m.w.s.e.  :  In  response  to  your  Chairman's 
request  to  address  you  this  evening  on  matters  pertaining  to  the 
workings  of  the  Board  of  Supervising  Engineers,  I  have  prepared 
brief  outlines  of  the  ordinance  requirements  for  rehabilitation  of 
the  properties  and  of  the  organization  of  the  work,  under  the  Chief 
Engineer,  of  supervising  and  inspecting  this  work.  This  is  such  a 
large  field  that  it  is  impossible  to  cover  each  division  in  very  much 
detail. 

The  Traction  Ordinances  of  February  nth,  1907,  authorized  re- 
spectively the  Chicago  City  Railway  Company  and  the  Chicago 
Railways  Company  to  construct,  maintain  and  operate,  systems  of 
street  railways  in  the  streets  and  public  ways  of  the  City  of  Chicago, 
and  these  Ordinances  also  created  the  Board  of  Supervising  Engi- 
neers for  the  purpose  of  administering  the  said  Ordinances. 

The  Companies  agreed  to  proceed  at  once  to  rehabilitate  and  re- 
equip  their  entire  street  railway  systems  and  put  them  in  first  class 
condition  as  outlined  in  Exhibits  B  of  the  Ordinances,  and  in  ac- 
cordance with  specifications  prepared  by  the  Chief  Engineer  of  the 
work  and  approved  by  the  Board  of  Supervising  Engineers,  and  to 
conduct  the  work  under  the  supervision  of  the  Board. 

The  Ordinances  provide  that,  if  so  requested  by  the  City  Council, 
the  Companies  will  construct  and  equip  extensions,  not  to  exceed  six 
miles  of  double  track  or  twelve  miles  of  single  track  for  the  Chi- 
cago Railway  Company,  and  four  miles  of  double  track  or  eight 
miles  of  single  track  for  the  Chicago  City  Railway  Company  in 
each  year  after  the  three  year  rehabilitation  period. 

The  Ordinances  provide  that,  under  certain  conditions,  the  Com- 
panies are  obliged  to  contribute  an  amount  not  exceeding  $5,000,000 
to  the  cost  of  construction  of  a  downtown  subway. 

The  Chicago  Railways  Company  agreed  to  lower  and  reconstruct 
the  tunnels  under  the  Chicago  River  at  Washington  Street,  and 
La  Salle  Street. 

Certain  specific  service  regulations  are  set  forth  in  the  Ordinances 
and  the  right  is  reserved  to  the  City  to  secure  adequate  and  suffi- 
cient transportation  accommodations  for  the  people,  subject  to  the 
Board  of  Supervising  Engineers  as  to  the  reasonableness  thereof. 

The  Ordinances  also  provide  for  a  modern  type  of  double  track 
passenger  cars  to  be  purchased  by  the  Companies  in  the  future,  and 
stipulates  that  within  three  years  from  the  respective  acceptances 
of  the  Ordinances  the  Chicago  City  Railway  Company  must  have 
in  operation  on  its  lines  at  least  eight  hundred  cars  of  this  modern 
type  to  be  approved  by  the  Board  of  Supervising  Engineers ;  and  the 
Chicago  Railways  Company  must  have  in  operation  on  its  lines  at 
least  twelve  hundred  such  cars. 
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Provisions  are  made  for  the  use  of  a  modern  type  of  track  rail 
with  a  thorough  bonding  of  the  rails  at  the  joints. 

The  Ordinances  further  provide  that  all  feeder  and  transmission 
wires  shall  be  laid  underground  within  that  portion  of  the  City- 
bounded  as  follows : 

"Beginning  at  Lawrence  Avenue  and  Lake  Michigan,  west 
"on  the  North  side  of  Lawrence  Avenue  to  Clark  Street. 

"Southwest  on  the  West  side  of  Clark  Street  to  Southport 
"Avenue. 

"South  on  the  West  side  of  Southport  Avenue  to  Belmont 
"Avenue. 

"West  on  the  North  side  of  Belmont  Avenue  to  Western  Ave- 
"nue. 

"South  on  the  West  side  of  Western  Avenue  to  22nd  Street. 

"East  on  the  South  side  of  22nd  Street  to  Halsted  Street. 

"South  on  the  West  side  of  Halsted  Street  to  39th  Street. 

"East  on  the  South  side  of  39th  Street  to  the  East  side  of  the 
"right-of-way  of  the  Lake  Shore  &  Michigan  Southern  Rail- 
"road. 

"And  South  and  East  along  the  right-of-way  of  the  Lake 
"Shore  and  Michigan  Southern  Railroad  to  the  southern  most 
"point  of  the  tracks  of  the  Chicago  City  Railway  Company. 

"Thence  to  Lake  Michigan. 

"And  along  the  shore  of  Lake  Michigan  to  the  place  of  be- 
ginning at  Lawrence  Avenue." 

■  This  comprises  an  area  of  about  forty  square  miles,  requiring  an 
installation  of  approximately  six  and  one-half  million  duct  feet  of 
underground  conduit. 

The  Ordinances  also  provide  that  the  Companies  shall  build  such 
power-houses,  sub-stations,  and  other  buildings,  together  with  the 
necessary  machinery  and  appurtenances  as  may  be  determined  upon 
by  the  said  Companies  with  the  approval  of  the  Board  of  Supervis- 
ing Engineers  to  supply  whatever  electric  power  may  be  required. 

The  Ordinances  also  provide  for  the  operation  of  twenty-one 
"Through  Routes,"  designating  the  beginning  and  ending  of  the 
routes  and  the  streets  over  which  they  shall  be  operated. 

The  books  and  accounts  of  the  Companies  are  provided  by  the 
Ordinances,  to  be  kept  in  such  form  as  may  be  prescribed  by  the 
Board  of  Supervising  Engineers,  subject  to  the  approval  of  the 
City  Comptroller. 

It  will  be  seen  by  the  above  brief  outline  of  the  Ordinances  that  the 
Board  of  Supervising  Engineers  have  been  charged  with  a  grave 
responsibility,  and  the  Chief  Engineer  of  the  work  with  a  task  of 
most  stupendous  proportions  in  organizing  the  working  force,  di- 
recting the  work  of  preparing  plans  and  specifications,  inspection 
of  the  work  in  the  field,  checking  the  accounts  of  the  Companies, 
etc. 
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Owing  to  the  magnitude  of  the  work  to  be  undertaken,  the  work- 
ing force  was  organized  into  Divisions,  and  each  Division  placed  in 
charge  of  a  Division  Engineer,  who  had  specialized  in  the  particular 
work  included  in  his  division. 

The  Divisions  so  determined  are  as  follows : 
Division  D.     Track  and  Roadway. 
Division  E.     Electric  Power  Distribution. 
Division  G.     Building  and  Fixtures. 
Division  I.     Power  Plant  Equipment. 
Division  K.     Cars  and  Car  Routing. 
Division  P.     Tunnels  and  Subways. 
Division  of  Drafting — in  charge  of  a  Chief  Draftsman. 
Division  of  Accounts — in  charge  of  a  Certified  Public  Ac- 
countant. . 

The  working  force  of  the  Chief  Engineer's  organization  com- 
prises one  hundred  and  thirty-seven  persons,  consisting  of  Engineers, 
Accountants,  and  general  office  employees. 

On  March  30th,  1908,  the  City  Council  of  the  City  of  Chicago 
passed  an  Ordinance  authorizing  the  Calumet  &  South  Chicago  Rail- 
way Company  to  construct,  maintain  and  operate,  a  system  of 
street  railways  in  the  streets  and  public  ways  of  the  City  of  Chicago. 

This  Ordinance  was  drawn  upon  lines  similar  to  the  Ordinances  of 
February  nth,  1907,  providing  for  a  Board  of  Supervising  En- 
gineers, etc.,  and  providing  for  the  rehabilitation  of  the  property, 
including  forty  miles  of  single  track. 

This  company  consolidated  the  Calumet  Electric  Street  Railway 
Company  and  the  South  Chicago  City  Railway  Company,  and  the 
respective  properties  of  the  Companies  into  one  Company,  with  a 
total  mileage  of  98.44  miles  of  single  track. 

The  City  Council  of  the  City  of  Chicago  passed  an  Ordinance 
March  15th,  1909,  to  the  Southern  Street  Railway  Company  (for- 
merly the  Chicago  General  Street  Railway  Company)  drawn  upon 
lines  similar  to  the  Ordinances  of  February  nth,  1907,  providing 
among  other  things,  supervision  by  the  Board  of  Supervising  En- 
gineers, and  the  rebuilding  of  its  property,  including  about  seven 
miles  of  single  track. 

The  Ordinances  also  made  provisions  for  an  Operating  Agree- 
ment between  the  Southern  Street  Railway  Company  and  the  Chi- 
cago City  Railway  Company,  whereby  the  Chicago  City  Railway 
Company  was  to  conduct  the  work  of  rehabilitation,  and  to  operate 
the  road  as  a  part  of  its  own  system.  The  Southern  Street  Rail- 
way Company  own  about  18  miles,  of  single  track. 

In  addition  to.  supervising  the  rehabilitation  and  checking  the  ac- 
counts of  the  Chicago  City  Railway  Company  and  the  Chicago 
Railways  Company,  the  above  organization  is  looking  after  the 
work  of  the  Calumet  &  South  Chicago  Railway  Company,  and  the 
Southern  Street  Railway  Company,  the  joint  Companies  comprising 
a  total  of  651  miles  of  single  track,  and  the  immediate  rehabilitation 
of  280  miles  of  single  track. 
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The  Division  of  Track  &  Roadway  was  organized  in  May,  1907, 
and  track  construction  work  was  commenced  June  17th,  1907,  on 
Root  street  between  Wallace  and  State  streets,  by  the  Chicago  City 
Railway  Company.  Three  types  of  track  have  been  designed  and 
approved  by  the  Board  of  Supervising  Engineers,  differing  princi- 
pally in  respect  to  the  foundation. 

Type  No.  1.     Consisting  of  steel  ties  in  concrete. 

Type  No.  2.     Consisting  of  wooden  ties  in  concrete. 

Type  No.  3.  Consisting  of  wooden  ties  on  a  rolled  stone 
foundation,  with  concrete  between  and  on  top  of  the  ties,  to 
provide  a  foundation  for  paving. 

The  rails,  tie  fastenings,  paving,  etc.,  of  these  different  types  are 
practically  the  same  excepting  that  screw  spikes  are  used  with 
wooden  ties,  and  with  steel  ties,  a  special  clip  to  fasten  the  rail  to 
the  tie.  One  of  the  features  of  the  track  construction  is  that  by  the 
use  of  screw  spikes  on  wooden  ties  or  a  removable  clip  on  steel  ties, 
the  rails  can  be  removed  and  replaced  without  disturbing  the  track 
foundation  and  without  damage  to  the  ties. 

Several  miles  of  Type  No.  1  track  with  steel  ties  have  been  built 
by  the  Chicago  City  Railway  Company,  but  the  Chicago  Railways 
Company  have  not  used  this  type  of  track. 

The  tracks  built  to  date  by  both  Companies  consist  principally  of 
Types  No.  2  or  No.  3,  and  the  greatest  mileage  has  been  constructed 
using  Type  No.  2  construction,  or  a  modification  of  the  original 
Type  No.  2,  styled  Type  No.  2-A,  which  differs  from  Type  No.  2 
only  in  respect  to  the  spacing,  center  to  center,  of  ties. 

The  Ordinances  provide  that  during  the  three  year  rehabilitation 
period  the  Chicago  City  Railway  Company  shall  rebuild  all  of  its  cable 
tracks,  and  sixty  miles  of  electric  track,  a  total  for.  that  Company 
of  ninety-five  miles  of  single  track ;  and  the  Chicago  Railways  Com- 
pany shall  rebuild  all  of  its  cable  track  and  ninety  miles  of  its  elec- 
tric track,  a  total  for  that  Company  of  one  hundred  and  thirty- 
eight  miles  of  single  track;  a  grand  total  for  both  Companies  of 
two  hundred  and  thirteen  miles  of  single  track.  In  addition  to  the 
above  rehabilitation  work,  the  Ordinances  provide  for  about  65  miles 
of  single  track  extensions. 

The  Chicago  City  Railway  Company  has  completed  to  date  about 
84.7  miles,  or  90%  of  the  ordinance  requirements  for  track  re- 
construction ;  and  the  Chicago  Railways  Company  about  93  miles, 
or  68% 

The  Chicago  Railways  Company  had  finished  about  50%  of  their 
total  rehabilitation  and  new  extension  requirements  at  the  close  of 
the  year  1908,  and  have  laid  out  a  schedule  for  this  year  amounting 
to  one  hundred  and  twelve  miles  of  single  track,  based  upon  a  work- 
ing schedule  of  thirty-six  weeks;  this  equals  an  average  of  3. 11 
miles  of  finished  track  per  week.  Up  to  this  time  the  Company  has 
practically  averaged  this  schedule. 
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The  Chicago  City  Railway  Company  have  remaining  but  a  few 
miles  of  rehabilitation  track  work  to  complete  their  Ordinance  re- 
quirements and  can  easily  finish  during  the  present  year. 

The  Calumet  &  South  Chicago  Railway  Company  have  rebuilt 
but  2.5  miles  to  date  of  the  40  miles  required  by  the  Ordinance,  but 
their  schedule  for  the  year  of  1909  comprises  twelve  and  one-half 
miles  of  single  track  rehabilitation  work  and  about  four  miles  of  new 
extensions. 

The  seven  miles  of  track  rehabilitation  for  the  Southern  Street 
Railway  Company  is  scheduled  for  building  this  year. 

Track  special  work  is  a  very  important  part  of  any  street  railway 
system,  and  this  subject  has  been  given  careful  study  and  consider- 
ation by  Division  D,  the  Engineers  of  the  railway  companies,  and  the 
Board  of  Supervising  Engineers;  and  specifications  covering  the 
manufacture  of  special  work  have  been  prepared,  under  which  all 
special  work  for  the  companies  under  the  jurisdiction  of  the  Board 
of  Supervising  Engineers  is  manufactured. 

There  has  been  placed  to  date  during  the  rehabilitation  period  one 
hundred  and  thirty-two  special  work  layouts  and  in  addition  seven- 
ty-nine crossovers  by  the  Chicago  City  Railway  Company  and  the 
Chicago  Railways  Company,  a  large  percentage  of  which  being  our 
Type  B  construction,  of  which  the  curved  frogs,  crossings,  switches 
and  mates  are  solid  manganese  castings.  All  curves  have  been  de- 
signed for  safe  operating  clearances  between  cars  of  all  types  pass- 
ing in  any  direction.  During  the  past  year  specifications  have  been 
prepared  covering  the  manufacture  of  open  hearth  steel  rail,  and 
all  rails  contracted  for  the  current  year  will  be  manufactured  under 
this  specification. 

The  Division  of  Electric  Power  Distribution  was  organized  dur- 
ing May  and  June,  1907,  and  the  work  of  this  division  comprises  the 
Electrical  Transmission  and  Distribution  Systems,  consisting  of 
underground  conduit,  underground  and  overhead  feeders,  under- 
ground and  overhead  transmission  lines,  trolley  and  its  connections, 
bonds,  auxiliary  cables  and  telephone  systems ;  and  includes  the 
testing  of  track  joints  for  relative  conductivity.  Plans  and  specifi- 
cations have  been  prepared  by  this  division  for  typical  underground 
conduit  construction,  which  comprise  three  general  types  of  con- 
struction : 

Type  A,  square  bore  multiple  duct. 

Type  B,  round  bore  single  duct  installed  in  cable  slot. 

Type  C,  square  bore  single  duct. 

Typical  construction  for  standard  sizes  of  manholes  have  been 
designed,  including  concrete  and  brick  construction.  The  man- 
holes are  principally  being  constructed  of  brick  on  account  of  this 
type  of  construction  being  more  flexible  than  concrete  construction, 
facilitating  the  working  around  other  conduit  lines,  water  pipes,  gas 
pipes  and  other  street  obstructions.  The  larger  number  of  man- 
holes constructed  are  of  the  barrel  shape,  for  the  reason  that  this 
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form   of  manhole  reduces   the  cost   to   some   extent  and   leaves   a 
wall  face,  which  is  more  satisfactory  for  the  training  of  cables. 

In  the  early  part  of  the  work  some  multiple  duct  conduit  was 
constructed,  but  it  was  later  decided  to  make  the  single  duct  square 
bore  construction  standard  for  all  Power  Distribution  work. 

Specifications  have  been  prepared  for, 

Single  conductor,  rubber  insulated,  lead  sheathed  cables. 

Three  conductor,  paper  insulated,  lead  sheathed  cables. 

Installation  of  lead  sheathed  cables  and  underground  conduit. 

Steel  armored,  lead  sheathed,  cables  for  submarine  construction. 

Triple  braided  weatherproof  copper  cables. 

Hard  drawn  copper  wire. 

Single  conductor,  paper  insulated,  lead  sheathed,  copper  cables. 

Single  conductor,  paper  insulated,  lead  sheathed,  aluminum  cables. 

Single  conductor,  rubber  insulated,  lead  sheathed,  aluminum  cables. 

In  calculating  the  feeders  for  the  D.  C.  distribution  system,  the 
various  lines  of  the  Companies  have  been  divided  into  trolley  sec- 
tions, and  the  maximum  two  hour  schedule  of  cars  upon  each  trolley 
section  has  been  taken,  and  with  this  as  a  basis,  and  making  a  lib- 
eral allowance  for  average  current  consumption  at  the  car  (which 
I  might  say  has  been  determined  by  actual  observations  and  tests) 
the  cm.  capacity  of  cable  for  each  line  has  been  determined,  the 
maximum  drop  for  heavy  traffic  sections  being  fifty  volts,  which  has 
been  increased  somewhat  on  remote  sections. 

In  figuring  the  negative  return  system,  a  drop  of  25  volts  at  ex- 
treme points  from  the  source  of  supply  has  been  taken  as  a  basis  for 
figuring,  and  inasmuch  as  our  Ordinances  require  that  the  con- 
ductivity of  the  rail  at  the  joint  shall  be  equal  to  the  conductivity 
of  the  rail  itself,  and  from  the  fact  that  this  condition  is  obtained 
through  the  use  of  electric  welded  joints,  full  credit  is  given  in 
these  calculations  for  the  carrying  capacity  of  the  track  rails,  and 
additional  bare  copper  cable  is  added  in  order  to  keep  the  auxiliary 
return  circuit  in  all  locations  within  the  specification  requirement 
of  25  volts  drop.  In  calculating  the  negative  return,  it  is  assumed 
that  all  current  returns  to  the  station  from  which  it  originates. 

At  all  track  special  work  layouts,  each  straight  track  rail  is  sup- 
plemented by  a  copper  cable  throughout  the  entire  length  of  the 
special  work,  and  the  ends  welded  to  the  rails  on  each  side  of  the 
special  work  layout. 

Division  G — Buildings  and  Fixtures — was  organized  in  May,  1907, 
and  took  up  the  inspection  of  the  construction  and  completion  of 
sub-station  buildings  of  the  Chicago  City  Railway  Company,  located 
at  20th  and  Dearborn  streets,  63rd  street  and  Wentworth  avenue,  and 
42nd  and  Wabash  avenue,  as  well  as  two  new  fireproof  carhouses  for 
the  Chicago  City  Railway  Company,  one  located  at  38th  street  and 
Cottage  Grove  avenue,  and  the  other  at  77th  and  Vincennes  Road, 
plans  "for  all  of  which  buildings  had  been  prepared  by  the  Chicago 
City  Railway  Company  and  had  been  approved  by  the  Chief  En- 
gineer of  the  Work. 
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In  September,  1907,  this  division  began  to  keep  in  touch  with  the 
building  work  of  the  Chicago  Railways  Company,  and  after  the 
acceptance  of   its   ordinance  by  the  Chicago  Railways   Company, 


Electrical  Substation  at  42nd  St.,  and  Wabash  Ave. 


Car  barn  at  69th  St.,  and  Ashland  Ave. 
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January  28th,  1908.,  this  division,  in  conjunction  with  the  Engineers 
of  the  Chicago  Railways  Company,  prepared  plans  and  specifications 
for  new  fireproof  carhouses  of  the  double  end  type,  and  fireproof 
substation  buildings. 

Five  new  car  houses  are  in  course  of  construction  by  the  Chi- 
cago Railways  Company  at  this  time;  one  located  at  Leavitt  and 
Twenty-fifth  streets  ;  one  at  Sheffield  and  Wrightwood  avenues ;  one 
at  North  Clark  street  and  Dewey  Court ;  one  at  Kedzie  avenue  and 
Van  Buren  street;  and  the  fifth,  at  Ogden  avenue  and  22nd  street, 
capable  of  housing  834  double  truck  cars ;  and  designed  as  regards 
facilities  for  handling  and  cleaning  the  cars,  fire  protection,  etc., 
on  the  general  lines  outlined  by  Mr.  Fleming  in  his  paper  pre- 
sentd  here  this  evening.  In  addition  to  the  new  car  houses  of  the 
Chicago  City  Railway  Company  previously  referred  to,  located  at 
38th  and  Cottage  Grove  Avenue  and  77th  and  Vincennes  Road,  two 
additional  car  houses  have  been  completed  and  are  in  operation,  one 
located  at  38th  street  and  Archer  avenue,  and  the  other  at  69th 
and  Ashland  avenue,  making  a  total  of  four  large  modern  fireproof 
car  houses  for  that  Company,  capable  of  housing  1,076  large  double 
truck  cars. 

Division  I — Power  Plant  Equipment. — Steps  for  organizing  this 
division  were  taken  in  the  month  of  May,  1907,  and  the  initial  work 
undertaken  was  to  inventory  and  value  the  betterments  to  the  Power 
Plants  and  Substations  of  the  Chicago  Railway  Company  since  the 
date  of  the  original  valuation,  June  30th,  1906.  In  July  daily  in- 
spection of  the  work  in  progress  at  every  substation  was  com- 
menced and  daily  reports  made  of  the  labor  and  materials  used. 

At  the  time  of  the  organization  of  the  Board  of  Supervising  En- 
gineers, the  Chicago  City  Railway  Company  had  in  operation  three 
steam  plants,  (one  of  which  was  operated  only  during  the  winter 
months)  for  the  generation  of  electricity  for  operating  its  lines. 
This  Company  also  obtained  a  large  amount  of  electrical  energy  from 
the  Commonwealth  Edison  Company  through  their  two  rotary  con- 
verter substations. 

Since  the  organization  of  the  Board,  additional  substations  have 
been  built  and  put  in  operation,  and  a  contract  entered  into  with  the 
Commonwealth  Edison  Company  whereby  all  of  the  current  re- 
quired for  the  operation  of  the  railway  is  purchased,  and  the  Com- 
pany receives  at  its  substations,  25  cycle — 9,000  volts — 3-phase  cur- 
rent, generated  at  the  Fisk  Street  Power  Plant  of  the  Commnwealth 
Edison  Company  and  delivers  600  volts  to  the  direct  current  feeder 
system  of  the  Road. 

Five  substations  have  been  estimated  as  being  required  to  supply 
the  necessary  electric  current  to  the  system  of  the  Chicago  City  Rail- 
way Company  when  rehabilitated;  a  total  ultimate  capacity  of 
50,400  kw.,  exclusive  of  storage  battery  at  Plymouth  Court  Sub- 
station. 

Four  substations  were  built  prior  to  February  1st,  iqo8,  and  con- 
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•itruction  work  on  the  fifth  substation  building  has  been  com- 
menced. 

All  substation  buildings  of  this  Company  are  designed  of  sub- 
stantial fireproof  construction,  with  pressed  brick  walls  both  in- 
side and  out ;  book  tile  roofs  carried  on  structural  steel  trusses,  of 
composition  roof  covering,  concrete  floors,  with  a  red  tile  wearing 
surface,  all  thoroughly  fireproof  and  architecturally  first-class. 

The  capacities  of  these  substations  and  their  locations  are  as 
follows : 

20th  and  Dearborn  Streets  substation:  total  capacity  12,000  kw. 
Present  rotary  converter  equipment  consists  of  four,  2,000  kw. 
units  and  three,  1,000  kw.  units. 


Interior  view  of  Substation  at  42nd  St.,  and  Wabash  Ave. 


63rd  and  Wentworth  Avenue  substation.  When  extended  to  its 
full  capacity  this  station  will  accommodate  12,000  kw.  There  are  at 
present  three,  2,000  kw.  and  three,  1,000  kw.  rotary  converter  units. 

42nd  and  Wabash  Avenue  substation ;  total  capacity  of  sub- 
station 14,000  kw.  There  are  at  present  five,  2,000  kw.  rotary  con- 
verter units  in  this  station. 

48th  and  Honore  Street  substation.  Total  capacity  of  this  sub- 
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station  10,000  kw.     There  is  being  installed  at  present  three,  2,000 
kw.  rotary  converter  units. 

Plymouth  Court  Substation.  This  substation  is  one  of  the  Com- 
monwealth Edison  Company's  buildings  in  which  the  Chicago  City 
Railway  Company  have  been  given  space  for  the  placing  of  two 
1,200  kw.  rotary  converter  equipments  and  one  large  storage  battery. 
The  storage  battery  has  a  rated  capacity  of  2,240  kw.  for  one  hour. 
An  exterior  and  interior  view  of  the  42nd  and  Wabash  avenue  sub- 
station is  shown.  These  views  are  typical  of  all  the  substations  of 
the  Chicago  City  Railway  Company. 

At  the  time  of  the  organization  of  the  Board,  the  Chicago  Railways 
Company  had  two  steam  power  plants  in  operation ;  one  at  Hobbie 
street  on  the  North  Side,  and  one  at  Western  avenue  and  Washing- 
ton street  on  the  West  Side,  both  of  which  stations  generated  direct 
current  for  the  use  of  the  railway.  In  addition  to  the  current  gen- 
erated at  these  substations,  some  current  was  purchased  from  the 
Consolidated  Traction  Company,  and  the  old  Cable  Plant  at  Van 
Buren  street  and  Washington  street  was  being  converted  into  a 
substation,  the  Company  obtaining  25  cycle — 9,000  volts — 3  phase 
current  from  the  Commonwealth  Edison  Company's  high  tension 
lines,  and  delivering  600  volts  direct  current  to  the  railway  feeder 
system.  Since  the  organization  of  the  Board,  this  substation  has  been 
enlarged  and  three  new  substations  are  in  the  course  of  construc- 
tion ;  one  located  at  Sheffield  and  Lill  avenues  on  the  North  Side ; 
one  at  Leavitt  street  and  Blue  Island  avenue  on  the  Southwest  side ; 
and  one  at  Grand  avenue  and  Fortieth  avenue  on  the  Northwest 
side.  The  capacity  of  these  substations  is  6,000  kw.  each ;  a  total 
of  18,000  kw. 

There  is  now  being  installed  at  the  Sheffield  avenue  and  Lill  ave- 
nue station,  and  the  Leavitt  street  and  Blue  Island  avenue  station, 
4,000  kwr.  each,  and  the  first  installation  at  Grand  avenue  and  For- 
tieth avenue  will  be  4,000  kw.,  leaving  a  reserve  for  these  three  sta- 
tions of  6,000  kw. 

There  is  installed  and  in  operation  at  the  Van  Buren  street  sub- 
station 10,000  kw.,  and  an  additional  unit  of  2,000  kw.  being  in- 
stalled, which  will  make  the  installation  up  to  date  for  that  station 
12,000  kw. 

The  old  cable  plant  at  Milwaukee  avenue  and  Cleaver  street  has 
been  rebuilt,  and  the  boiler  room  section  of  the  station  converted  into 
a  substation.  Total  ultimate  capacity  8,000  kw.  Present  installa- 
tion, 4,000  kw.,  and  an  additional  2,000  kw.  unit  is  being  installed. 

There  is  also  under  consideration  the  location  of  a  substation  on 
the  North  Side,  somewhere  in  the  vicinity  of  Devon  avenue,  of 
6,000  kw.  capacity,  making  a  total  substation  capacity  when  com- 
pleted of  44,000  kw.  for  the  Chicago  Railways  Company. 

The  new  substations  that  are  being  constructed  by  the  Chicago 
Railways  Company  are  designed  of  fireproof  construction,  with 
pressed  brick  walls,  both  inside  and  out,  book  tile  roofs,  carried  on 
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structural  steel   trusses,   and   composition    roof   covering,    concrete 
floors  with  composition   wearing   surface. 

If  time  permitted,  it  would  be  interesting  to  describe  in  detail 
these  substations,  the  design  and  equipment  of  which,  as  well  as 
the  quality  of  material  and  workmanship  which  is  used  throughout 
their  construction,  is  believed  to  approach  the  highest  standard  of 
engineering  practice. 


Electric  Substation,    Lill  Ave.,   near  Sheffield  Ave. 

Division  K — Cars  and  Car  Operation — was  organized  in  July, 
1907,  and  its  work  consists  chiefly  of  the  working  out  of  dimensions, 
weight,  lighting,  braking,  ventilation,  and  other  features  that  enter 
into  the  construction  of  typical  modern  double  truck  cars  for  street 
railway  service,  as  are  outlined  in  and  contemplated  by  the  Trac- 
tion Ordinances. 

The  car  that  has  been  adopted  as  standard  up  to  the  present  time 
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is  what  is  known  as  the  Pay-As-You-Enter  car,  seating  40  pas- 
sengers. 

The  standard  car  of  the  Chicago  City  Railway  Company  is  48 
ft.,  3  in.  in  length  and  9  ft.  wide,  over  all.  The  platforms  are  7  ft., 
11  in.  long  over  all,  and  6  ft.,  11  in.  long  inside,  affording  large,  and 
commodious  loading  floor  space. 

The  Chicago  Railways  Company  are  now  building  650  cars  of  the 
Pay-As- You-Enter  type  49  ft.,  2  in.  in  length  and  8  ft.,  9  in.  wide 
over  all.     Length  of  vestibules  8  ft.,  4^  in.  over  all. 

Special  attention  has  been  given  to  lighting  and  heating.  The 
lamps  for  interior  illumination  are  placed  one  over  each  seat,  and 
are  frosted  globes,  doing  away  with  the  glare  of  the  ordinary  incan- 
descent bulb,  and  providing  a  soft  and  pleasant  light.  The  heaters 
are  electric  and  possess  the  advantage  of  compactness,  light  weight, 
cleanliness,  flexibility  of  regulation,  etc.  Special  heaters  are  pro- 
vided on  the  platform  for  the  comfort  of  the  motorman  and  con- 
ductor. 

The  cars  are  equipped  with  sliding  disappearing  or  folding  steps, 
thereby  making  it  possible  to  have  the  side  of  the  car  in  the  center 
between  tracks  or  the  non-loading  side  of  the  car  closed,  and  no 
protruding  steps  or  other  parts  permitting  hitching  on  or  standing  on 
the  outside,  thus  eliminating  the  possibility  of  accident  from  that 
source. 

Cars  are  equipped  with  both  air  and  hand  brakes.  The  motor 
equipment  consists  of  4 — 40  H.P.  motors  per  car. 

Of  the  650  cars  under  construction  by  the  Chicago  Railways 
Company,  600  are  composite  construction  with  steel  underframes, 
and  wooden  body,  and  are  being  built  by  the  Pullman  Company. 
The  remaining  50  are  all  steel  cars,  being  built  by  the  Pressed  Steel 
Car  Company  at  McKees  Rock,  Pennsylvania. 

To  our  Chairman,  Mr.  Bion  J.  Arnold,  is  due  the  credit  for  the 
purchase  of  these  steel  cars,  as  he,  in  connection  with  his  work  on 
the  New  York  subway  problem,  recognized  the  advantage  to  be 
gained  by  the  operation  of  steel  cars  in  subways  rather  than  wooden 
cars.  Inasmuch  as  we  hope  to  have  a  subway  in  Chicago  some  time 
in  the  future  it  was  concluded  wise  to  begin  the  study  of  the  con- 
struction of  steel  cars  and  their  maintenance,  cost,  comparative  life, 
etc.,  hence  the  50  cars  now  in  course  of  construction.  The  design 
of  these  cars,  as  far  as  dimensions  over  all,  general  interior  ar- 
rangement and  general  appearance,  are  identical  with  the  wooden 
cars  being  manufactured  by  the  Pullman  Company,  but  with  the 
exception  of  the  doors,  car  steps,  trolley  board,  and  maple  floor 
strips,  the  cars  are  steel  construction  and  practically  fireproof 
throughout. 

Division  P — Tunnels  and  Subways — was  organized  in  February, 
1908,  after  the  acceptance  of  its  ordinance  by  the  Chicago  Railways 
Company.  The  Ordinances  to  that  Company  provide  that  it  shall 
rebuild  the  tunnels  under  the  Chicago  River  at  La  Salle  street,  and 
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Washington  street ;  and  plans  and  specifications  have  been  pre- 
pared for  a  double  bore  reinforced  concrete  tunnel  at  La  Salle 
street,  so  designed  that  it  can  be  connected  with  and  become  part 
of  any  subway  system  that  may  be  designed  in  the  future,  and 
provisions  for  temporary  approaches  from  the  surface  so  that  the 
surface  cars  operating  between  the  North  and  South  Divisions  of 
the  city  can  have  the  benefit  of  this  tunnel  in  the  operation  of  cars 
to  relieve  the  present  congestion  on  the  bridges.  It  is  expected  that 
contracts  will  be  let  covering  the  construction  of  this  tunnel  in  the 
near  future. 

Plans  and  specifications  are  also  under  way  for  the  complete  re- 
construction of  the  Washington  Street  Tunnel,  which  will  be  de- 
signed for  connection  to  any  system  of  subways  that  may  be  built 
in  the  future,  and  also  with  temporary  approaches  to  the  surface. 
Plans  have  been  completed  for  a  section  of  this  tunnel  on  the  west 
side  of  the  river  between  Clinton  and  Canal  streets,  and  a  contract 
has  been  awarded  for  this  part  of  the  work  to  be  carried  on  in 
conjunction  with  the  construction  of  the  terminal  station  of  the 
Chicago  &  Northwestern  Railroad,  which  crosses  Washington 
boulevard  at  that  point. 

The  Drafting  Department — was  organized  under  a  Chief  Drafts- 
man who  has  general  supervision  of  the  work  performed  in  the 
department  and  of  the  various  systems  and  records  required.  Re- 
porting directly  to  the  Chief  Draftsman  are  a  clerk  and  four  squad 
foremen ;  each  of  these  is  held  directly  responsible  to  him  for  the 
correct  and  proper  execution  of  the  work  performed  under  his 
supervision.  Each  squad  foreman  is  assigned  to  a  special  class  of 
work  and  as  the  needs  or  demands  of  that  particular  work  require 
draftsman  or  tracers  they  are  accordingly  detailed  in  order  to  se- 
cure the  best  and  most  desirable  results.  The  Chief  Draftsman  re- 
ceives instructions  from  the  Division  Engineers  respecting  the  en- 
gineering details  and  design  of  the  drawings  made  for  their  re- 
spective divisions,  all  of  which  work  is  under  the  immediate  direc- 
tion of  the  Assistant  Chief  Engineer.  The  drafting  department  is 
also  called  upon  to  supply  all  sketches  and  drawings  required  by  the 
different  divisions  and  also  to  meet  the  demands  for  minor  jobs  con- 
sisting of  printing,  binding,  pasting,  mounting,  labeling,  rolling, 
folding,  indexing,  etc. 

All  drawings  are  on  standard  size  sheets,  which  sizes  are  multiples 
of  the  regular  letter  size  sheet — Sy2  in.  by  n  in.,  and  the  other 
sizes  can  be  folded  down  to  Sy2  by  n  in.  for  filing  purposes. 

No.  i.     Sy2  by  ii  in. 
No.  2.     34  by  22  in. 
No.  3.     34  by  44  in. 

and  in  addition  drawings  that  are  larger  than  size  No.  3  are  called 
"Rolls"  and  are  designated  in  size  as  "R"  drawings. 

For  convenience  each  division  has  a  classification  letter  which  cor- 
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responds  with  the  letter  used  in  the  classification  of  accounts  by 
the  American  Street  Railway  Accountants  Association. 

Track  and  Roadway — Division  D. 

Electrical  Transmission — Division  E,  etc.,  and  drawings  are  in- 
dexed to  denote  the  size  of  sheet  and  division  as  follows : 

Track  and  Roadway — Division  D  drawings. 

No.  i— D. 

No.  2— D. 
No.  3 — D. 
R— D. 

Electrical  Transmission — Division  E  drawings. 

No.  i— E. 

No.'  2— E. 

No.  3— E. 

R— E. 
and  the   drawing  number   for   each   drawing   follows.     The   filing 
system  consists  of  six  groups  or  divisions : 

Domestic  Tracings. 

Domestic  Blueprints. 

Folios. 

Foreign   Prints. 

Catalogues. 

Miscellaneous. 

The  Division  of  Accounts — was  organized  in  May,  1907,  and 
has  charge  of  checking  all  expenditures  that  relate  to  the  cost  of  re- 
habilitation, and  to  ascertain  with  the  assistance  of  reports  from 
the  Engineering  Divisions  whether  or  not  such  expenditures  are 
reasonable  and  to  determine  whether  such  expenditures  are  proper 
charges  to  Capital  Account,  in  accordance  with  the  rulings  of  the 
Board ;  and  to  determine  whether  proper  reserves  have  been  created 
and  are  maintained  by  the  Companies  as  set  forth  in  the  Ordin- 
ances. Also  to  keep  account  of  all  expenditures  made  by  the  Board 
in  the  carrying  out  of  its  duties,  which  expenditures,  in  accordance 
with  the  terms  of  the  Ordinances,  are  to  be  added  to  Capital  Ac- 
counts of  the  railway  companies  during  the  period  of  rehabilita- 
tion, and  after  that  period  are  to  be  charged  to  operating  ex- 
penses. 

Capital  Account  money  is  new  and  additional  money  put  into  the 
property  to  improve  and  extend  it,  and  is  obtained  from  other 
sources  than  the  cash  receipts  of  the  Company. 

The  Ordinances  provide  that  out  of  the  gross  receipts  of  the 
Company  shall  be  paid — 

1st.       The  operating  expenses,  including  taxes. 

2nd.  The  ordinary  repairs  to  the  physical  property  for 
which  a  sinking  fund  is  provided,  the  minimum  amount  of 
which  shall  be  6%  of  the  gross  receipts  per  annum. 
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3rd.  The  renewals  or  depreciation  of  the  physical  property 
for  which  a  sinking  fund  is  provided,  the  minimum  of  which 
shall  be  not  less  than  8%  of  the  gross  receipts  per  annum. 

4th.  Out  of  the  gross  net  earnings  remaining  after  deduct- 
ing the  above  charges,  the  Company  may  retain  5%  upon  the 
capital  account  as  approved  by  the  Board  of  Supervising  En- 
gineers. 

5th.  The  remaining  net  earnings  are  divided  55%  to  the 
City  and  45%  to  the  respective  Company. 

During  the  rehabilitation  period  of  three  years  from  the  date  of 
the  acceptance  of  this  Ordinance,  a  special  manner  of  accounting 
is  provided,  covered  by  the  following  quotation  from  the  Ordin- 
ances : 

"The  said  Board  of  Supervising  Engineers  shall  have  power 
"to  determine  what  work  shall  be  treated  as  construction,  re- 
construction, equipment,  re-equipment,  extensions,  new  lines, 
"underground  trolleys  or  additions  to  plant  or  property  to  be 
"paid  for  by  the  Company  out  of  the  capital  funds  to  be 
"provided  by  it  for  that  purpose,  and  what  shall  be  treated  as 
"maintenance,  repairs  and  renewals,  to  be  paid  for  out  of  the 
"gross  receipts  of  the  Company  from  the  operation  of  the  street 
"railway  system  hereby  authorized.  But  any  such  determin- 
ation of  said  Board  shall  be  governed  by  the  following  pro- 
"visions : 

"During  the  three  (3)  year  period  of  "Immediate  Rehabili- 
tation" seventy  (70)  per  cent  of  the  gross  receipts  shall  be 
"set  apart  and  shall  be  used  so  far  as  required  in  defraying 
"the  operating  expenses,  including  maintenance  and  repairs, 
"and  the  residue  of  said  seventy  (70)  per  cent,  shall  be  ap- 
"plied  to  the  cost  of  renewals  and  no  part  of  the  cost  of  any 
"renewal  paid  for  out  of  such  seventy  (70)  per  cent,  shall  be 
"charged  to  additional  capital,  and  all  expenditures  for  re- 
newals during  said  three  (3)  years  in  excess  of  such  residue 
"of  said  seventy  (70)  per  cent,  shall  be  charged  to  capital  ac- 
count. 

"After  such  three  (3)  year  period  of  'Immediate  Rehabil- 
itation,' the  cost  of  renewals  shall  be  paid  as  provided  in 
"Section  16  hereof,  but  such  expenditures  (and  only  such  ex- 
penditures) as  are  made  for  the  purpose  of  extensions  of  or 
"additions  to  property  shall  be  thereafter  considered  as  addi- 
tions to  capital,  provided,  however,  that  in  the  replacement  of 
"any  principal  part  of  the  property,  either  existing  or  hereafter 
"acquired,  there  shall  be  charged  to  capital  the  excess  amount 
"that  the  new  property  cost  over  the  original  cost  of  the  prop- 
erty displaced,  excepting  that  the  value  of  propertv  contained 
"in  the  appraisal  inventory  of  the  property  of  the  Company, 
"referred  to  in  Paragraph  1  of  Section  20  hereof,  shall  be  used 
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''instead  of  first  cost  for  all  property  listed  in  such  appraisal 
''inventory." 

Each  Division  Engineer  has,  as  a  part  of  his  organization,  In- 
spectors, who,  in  addition  to  their  other  duties,  render  to  him  on 
forms  daily,  semi-monthly  and  monthly  reports  of  the  quantities  and 
amounts  of  material  used  and  hours  of  labor  expended  on  each 
piece  of  work  in  progress.  These  reports  are  used  by  the  division 
engineer  as  a  basis  for  the  monthly  estimates  and  also  as  a  check 
upon  the  expenditures  made  by  the  railway  companies  and  reported 
by  them  to  the  Division  of  Accounts.  Thus,  a  counter  check  from 
two  entirely  independent  sources  are  secured ;  from  reports  of  the 
railway  companies  checked  and  summarized  by  the  Division  of  Ac- 
counts and  from  the  field  reports  of  the  Division  Engineers.  If 
time  would  permit,  a  much  more  detailed  account  of  the  workings 
of  the  division  of  accounts,  and  the  methods  of  checking  the  amounts 
expended  on  the  rehabilitation  work  by  the  different  engineering 
divisions  would  probably  be  of  interest. 

Mr.  William  B.  Jackson,  m.w.s.e.  :  I  regret  that  Chairman 
Abbott  had  to  leave  for  a  train,  so  that  we  cannot  have  the  pleasure 
of  hearing  further  from  him  tonight.  I  wish  to  express,  for  both 
Societies,  our  great  appreciation  of  the  talks  that  we  have  had  this 
evening. 

In  connection  with  some  of  the  matters  that  were  brought  out  by 
Mr.  Fleming  and  Mr.  Weston  regarding  the  question  of  blanks  that 
are  in  use  by  the  traction  companies,  and  the  matter  of  typical  de- 
signs for  substations,  car  barns,  etc.,  the  Societies  will  certainly  ap- 
preciate any  designs  that  may  accompany  the  papers  for  use  in  the 
proceedings,  so  that,  although  it  was  not  possible  to  explain  in 
detail  many  of  these  designs,  we  shall  have  the  opportunity  of  study- 
ing them  in  the  Journal  of  the  Society. 

We  have  with  us  tonight  one  of  the  men  who  has  been  much 
interested  in  all  traction  problems  of  Chicago  and  who  has  been  in 
this  work  for  a  long  time,  and  I  take  pleasure  in  calling  upon  Mr. 
B.  I.  Budd,  General  Manager  of  the  Metropolitan  West  Side  Ele- 
vated Railway  Co. 

Mr.  B.  I.  Budd:  I  have  listened  with  much  interest  to  the  outline 
of  the  great  work  being  carried  on  by  Mr.  Arnold  and  the  Board 
of  Engineers.  There  is  one  question  I  would  like  to  ask  in  regard 
to  the  work  of  rehabilitation.  The  congestion,  delays,  and  conse- 
quent loss  of  time  in  getting  cars  through  the  heart  of  the  city  at 
the  present  time  would  indicate  that,  even  with  the  present  amount 
of  new  equipment  operated,  the  tracks  have  nearly  reached  the  limit 
of  their  capacity,  and  I  would  like  to  hear  from  one  of  the  Board  of 
Engineers  what  their  plans  are  to  relieve  this  congestion. 

Mr.  Arnold:  Of  course  we  cannot  make  any  more  streets  in  the 
city  than  we  now  have.  If  we  could  we  would,  for  we  need  them. 
But  it  is  expected  when  we  get  these  tracks  all  reconstructed,  in 
accordance  with  the  terms  of  the  ordinances,  that  the  cars  will  be 
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so  re-routed  by  means  of  the  through  routes  that  the  congestion 
now  existing  will  be  relieved;  in  other  words,  many  of  the  cars 
which  now  come  into  the  down  town  district,  around  the  loop,  and 
return,  will  then  run  through,  thus  relieving  the  congestion. 

Chairman  Jackson :  We  are  all  looking  forward  to  this  through 
routing.  I  remember  how  I  was  looking  forward  to  it  when  I  was 
living  on  the  North  Side  near  the  lake  last  year.  I  was  thinking 
about  how  pleasant  it  would  be  to  go  right  to  my  office  on  the 
North  State  Street  cars.  Then  about  the  time  we  had  that  through 
route,  I  moved  further  out  and  missed  the  opportunity  to  use  it,  but 
my  experience  gave  me  a  lively  appreciation  of  the'  need  and  ad- 
vantages of  the  through  routing. 

Mr.  Arnold :  Just  a  word  further  ;  we  are  now  substituting  single 
cars  for  trains,  thus  putting  one  car  on  the  street  in  place  of  two; 
in  many  instances  this  will  tend  to  relieve  the  congestion  that  Mr. 
Budd  speaks  of,  also,  the  additional  power  on  the  cars  being  larger 
motors,  gives  a  more  rapid  acceleration  and  enables  us  to  increase 
the  speed  of  those  cars  about  11%,  which  also  tends  to  help  relieve 
congestion.  I  might  also  state  that  we  hope  in  the  course  of 
time  to  have  subways,  for  which  we  all  ought  to  work.  As  a 
general  proposition,  we  need  all  the  space  on  the  surface  of  the 
present  streets,  we  need  all  the  space  under  the  streets,  and  we 
may  need  all  the  space  above  the  streets,  to  take  care  of  the  traffic 
of  this  city  in  the  years  to  come. 

Chairman  Jackson :  We  have  heard  much  of  great  interest  re- 
garding the  mechanical  features  of  the  street  railway  construction 
and  regarding  the  franchises,  etc.  Every  foot  of  this  system  uses 
electric  power  in  its  operation,  and  aggregates  in  length  of  single 
track  a  distance  equal  to  that  from  New  York  to  Boston.  I  believe 
there  are  some  75,000  to  80,000  kw.  of  rotaries,  operated  from  the 
great  central  power  plants  of  the  city,  which  supply  electric  energy 
to  the  system,  and  I  will  ask  Mr.  Junkersfeld,  who  is  the  Electrical 
Engineer  of  the  Commonwealth  Edison  Company,  to  tell  us  some- 
thing about  the  electrical  distribution  required  for  the  system. 

Mr.  P.  Junkersfeld,  m.w.s.e.  :  I  have  been  very  much  interested 
and  very  much  instructed  by  what  we  have  heard  here  this  evening. 
One  of  the  underlying  theories  of  the  ordinances,  as  I  understand  it. 
in  addition  to  what  has  already  been  said,  was  to  give  the  best  pos- 
sible service  for  the  present  rates  of  fare,  and  that  takes  into 
account,  of  course,  everything,  including  the  power.  The  Common- 
wealth Edison  Company,  as  has  been  said,  furnishes  at  the  present 
time  motive  power  for  the  City  Railway  and  quite  a  large  amount 
for  the  Chicago  Railways.  At  this  time  such  power  is  all  generated 
in  two  power  houses,  one  at  Fisk  street,  which  is  known  as  the  Fisk 
Street  Power  Station,  and  the  other  one,  which  is  across  the  river 
therefrom,  known  as  the  Quarry  Street  Station.  Those  two  power 
houses  are  sufficiently  familiar  to  most  of  you  to  require  no  further 
description,  except  perhaps  the  general  statement  that  the  Common- 
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wealth  Edison  Company  in  supplying  this  power,  has  likewise  kept 
in  mind  that  the  best  possible  service  that  can  be  rendered  is  the 
only  one  that  is  acceptable  and  the  one  which  is  in  line  with  this 
great  development  going  on  in  the  traction  situation.  We  have 
spared  no  expense,  and  the  best  and  most  modern  equipment  that 
can  be  secured  has  been  installed  and  is  used  to  furnish  this  power. 
In  the  transmission  system  as  well,  every  precaution  known  to  the 
best  modern  practice  is  used  and  taken  to  guard  against  accident 
or  interruption. 

Mr.  D.  IV.  Roper,  m.w.s.e.  :  In  his  remarks  about  the  division 
of  the  receipts,  Mr.  Arnold  told  us  how  certain  parts  were  paid 
for  operating  expense  and  certain  other  parts  for  depreciation  of 
parts  and  to  add  interest  on  the  investment,  and  55%  of  the  re- 
mainder or  net  receipts  went  to  the  city  as  its  compensation.  I 
would  like  to  inquire  what  percentage  of  the  gross  receipts  the  city's 
compensation  approximates. 

Mr.  Arnold:  I  have  not  the  figures  exactly,  but  I  will  say  dur- 
ing the  two  years  that  we  have  been  in  operation  we  have  put  into 
the  city  treasury  very  close  to  $3,000,000.  If  you  will  figure  that 
up  I  think  you  will  find  it  is  approximately  8%  of  the  gross  receipts 
for  the  two  years. 

Now,  let  me  make  that  point  clear.  When  these  traction  ordin- 
ances were  under  consideration,  that  question,  you  remember,  was 
made  a  feature  of  the  campaign  prior  to  the  adoption  of  the  ordin- 
ances by  the  city.  Certain  people  having  the  interests  of  the 
city  at  heart  requested  that  the  ordinance  be  so  modified  as  to 
stipulate  that  this  55%  of  the  net  receipts  should  never  be  less  than 
a  certain  per  cent,  of  the  gross  receipts,  they  contending  for  10%, 
I  believe,  of  the  gross  receipts.  That  question  was  put  right  up  to 
myself,  who  was  the  engineer  representing  the  city  at  that  time, 
and  Mr.  Weston,  my  assistant  at  that  time,  and  we  spent  many 
nights  working  out  the  probable  results  for  the  period  of  twenty 
years  covered  by  these  ordinances.  We  found  that  we  could  not 
recommend  that  the  railway  companies  guarantee  the  city  10% 
of  the  gross  receipts  and  at  the  same  time  require  them  to 
build  the  kind  of  a  railroad  that  we,  as  engineers,  said  the  city  ought 
to  have ;  consequently  we  told  the  gentlemen  who  were  interested 
in  it — a  very  important  body  of  men  in  the  city,  all  having  the  inter- 
ests of  the  city  at  heart — that  it  could  not  be  done;  that  if  they 
wanted  a  railroad  such  as  we  thought  they  ought  to  have,  they  had 
better  waive  the  10%  of  the  gross  receipts  feature  and  take  55% 
of  the  net  receipts ;  if  they  demanded  10%  of  the  gross  receipts, 
the  investment  would  have  to  be  so  low  that  we  would  not  get  a 
good  railroad.  The  result  was,  it  was  decided  not  to  change  the 
ordinances.  Those  advocating  the  ordinances  stood  upon  the  ordi- 
nances as  they  read,  namely,  55%  of  the  net  receipts,  and  this  was 
ratified  by  the  people,  as  you  know,  by  35,000  majority.  There 
may  be  times  when  it  will  be  10%  of  the  gross,  but  the  average  for 
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the  period  according  to  our  estimates,  was  approximately  8%  of 
the  gross  receipts. 

Chairman  Jackson :  Are  there  any  further  remarks  or  questions  ? 
If  not,  I  will  ask  Mr.  Arnold  to  speak  in  closure  for  the  Board  of 
Supervising  Engineers. 

I  would  like  to  ask  how  the  value  of  real  estate  was  determined, 
and  whether  the  railroads  were  given  the  benefit  of  the  advance  in 
the  value  of  the  real  estate  up  to  the  time  of  the  appraisal?  Also 
what  was  done  in  the  matter  of  such  costs  as  legal  expenses,  cost 
of  marketing  and  securities,  incidental  expenses,  etc. 

Mr.  Arnold:  The  question  of  real  estate,  I  will  answer  first.  We 
took  an  appraised  valuation  of  the  real  estate  at  the  time  the  valu- 
ation was  made,  June  30,  1906.  That  valuation  was  determined  by 
real  estate  experts  whom  we  employed,  familiar  with  property 
values  in  the  city ;  they  went  out  and  examined  the  properties.  The 
railroad  company  sent  one  expert  and  the  city  sent  one  expert. 
They  submitted  their  figures  to  us  independently,  and  when  the  dif- 
ferences were  too  great  we  asked  them  to  go  back  and  look  at  the 
properties  again.  The  result  was  that  they  finally  came  to  conclu- 
sions on  every  piece  of  real  estate  and  those  are  the  values  we  ac- 
cepted. Those  values  recognize  whatever  increase  had  been  made 
in  the  properties  from  the  time  they  were  purchased  by  the  com- 
panies to  the  time  of  the  valuation.  Consequently  we  took  the  actual 
valuation  of  the  properties.  The  companies  contended  for  certain 
expenditures  which  they  had  made  in  the  way  of  bridges  and  other 
city  improvements,  concessions  to  the  city  for  the  right  to  lay  tracks 
in  the  streets,  which  of  course  had  cost  the  companies  money.  Cer- 
tain facts  were  more  or  less  recognized  in  fixing  the  compensation. 
When  we  thought  an  article  should  be  allowed  we  allowed  it ;  but 
we  did  not  allow  anything  for  construction  of  bridges,  reconstruc- 
tion of  bridges  or  things  of  that  character,  because  we  thought  that 
they  had  had  the  use  of  the  bridges  long  enough  under  the  ordinance 
to  compensate  them  for  any  expense  of  that  kind. 

In  general,  I  may  state  that  this  whole  question  is  a  vital  one  at 
the  present  time.  As  some  of  you  know,  I  am  appraising  all  the 
street  railway  properties  in  New  York,  in  Brooklyn,  and  in 
Detroit,  and  this  question  Mr.  Jackson  has  raised  comes  up 
at  every  place  and  is  a  very  serious  one.  I  do  not  know  that  I 
have  clearly  settled  in  my  own  mind  what  we  will  do,  but  in  general 
such  expenses  are  always  impediments  in  the  way  of  getting  proper- 
ties together.  For  instance,  when  you  consolidate  properties  you 
generally  have  to  have  a  capitalization  of  more  than  they  originally 
cost,  because  somebody  makes  a  profit,  and  such  promotion  ex- 
penses, legal  expenses,  and  other  expenses  of  that  character,  which 
go  into  the  creation  of  a  property,  should  probably  be  put  into  a 
fund  to  be  charged  off  gradually  over  a  period  of  years,  so  that 
finally  the  property  will  not  have  to  carry  the  burden  of  them,  in 
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its  capitalization;  and  that  is  about  the  position  I  am  getting  to, 
although  I  have  not  absolutely  taken  that  stand  yet. 

Chairman  Jackson :  In  other  words,  you  aim  to  protect  the  stock- 
holder and  at  the  same  time  protect  the  people  ? 

Mr.  Arnold:  Yes,  and  protect  the  man  who  builds  the  railroad 
in  the  first  place.  He  can  not  create  the  railroad  without  incurring 
those  charges,  because  they  must  be  incurred,  and  in  order  that  he 
may  finally  get  his  money  out  of  them,  the  theory  is  that  he  should 
have  a  certain  number  of  years  during  which  a  percentage  of  these 
charges  should  be  charged  off  each  year,  so  that  finally  the  capital- 
ization is  reduced  by  that  amount.  Then  the  innocent  purchaser 
in  future  only  pays  upon  the  real  value  of  the  property,  promotion 
charges  having  been  wiped  out.  The  English  have  some  such  plan 
as  that,  and  it  seems  to  be  a  pretty  good  one. 

I  don't  know  that  I  can  add  much  further  information  to  either 
of  the  questions  we  have  just  been  discussing.  We  can  talk  about 
them  all  night,  because  there  are  so  many  elements  that  enter  into 
them.  What  are  promotion  charges?  What  are  proper  charges  to 
capitalization  ?  How  long  a  period  of  time  should  we  charge  it  off 
in?  What  kind  of  a  fund  should  we  create?  What  would  we  do 
with  that  fund  while  creating  it?  Those  are  things  that  are  vital 
and  have  got  to  be  settled  in  the  near  future  in  this  country.  It 
is  a  live  question  in  every  city  that  has  a  traction  question. 

I  wish  to  express  my  appreciation,  on  behalf  of  the  Board  of 
Engineers,  for  the  opportunity  which  you  have  given  us  to  appear 
before  you  to-night  and  talk  about  our  own  affairs,  and  I  hope 
that  we  have  been  able  to  give  you  some  information  that  may  be 
of  possible  value  to  you. 
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In  presenting  this  paper  it  is  not  claimed  that  anything  specially 
new  in  Track  and  Roadway  Engineering  has  been  developed  in  the 
plans  and  methods  that  have  been  adopted  for  the  reconstruction  of 
the  street  railway  tracks  of  Chicago;  however,  the  use  of  screw 
spikes  and  treated  ties  may  be  new  in  their  application  to  street 


SHOWS  TIE  TRENCH 
J*' ■ V-  S  V 


A 


LO-rior^i   y£v-^v. 


section    e>— e> 


CROSS    SECTION 


©OVl_EC 


=   I    FOO- 


f 


<3i*A.TvirrE 

S»AJVIC3 


L_or^joi~r^cDir^>^L_    section 

ATC-C 

eOAl    f-    ^"=    1    F=-C50-T 

see  i-jote;  F-oia    sp>>xc;ir~JC3  c^f-  ties 


NOTES: 


outside;    j=jaii_s  to  be  i-"t_o\<vEy=*  nrv-iAjsi 

IT>ISIOEL      RAII-3. 

ROVCME^MT    .TO    QE£.    C3f=e>=VI~~IIT-E;     BI — CDGK 

as  sPEiciFisiD    in   oi=RC3ir-si^xr-vic3e:    f=-eb  i  it 

ISOr,  UNI-E19S       OTHERWISE     OFRDBIFIE 
CPTvl   C-^BUELJCOMSTRUaTION     SP=t* 

-nc--»    same:  c;e=.i-~iteii=»s    -^.s   c;>^sai_E€L  yokes 

OH   AL.U    OTHER     WORK    SF^^VOEi     TIE=:S    ON 

•«*•'—  o>"  oe=.i^ite:fi». 

PAVEtvlENT     TO     63EC    S.W&J=>T     WITH     OF»V 


GRAVE.1.    ©INIU-Y. 


Fig.  1.- 


-Track  Construction  with   Steel  Ties. 
678 


October,  1909 


674  Weston — Street  Car  Tracks,  Chicago 

railway  track  construction.  The  grooved  girder  rail  used  is  spe- 
cially designed  to  meet  the  requirements  of  the  "Municipal  Code  of 
Chicago"  (which  specifies  that,  "grooved  girder  rails  shall  be  used 
in  the  streets"),  and  to  provide  a  rail  of  that  type  that  would  give 
as  great  a  life  as  possible  under  the  traffic  conditions  of  this  City. 

It  is  the  purpose  of  this  paper  to  describe  the  different  types  of 
track  construction  adopted,  the  theory  upon  which  the  designs  are 
based,  and  an  explanation  of  the  use  of  the  different  materials  em- 
ployed to  carry  out  the  theory,  with  the  hope  that  it  will  bring  out 
a  thorough  discussion  of  the  subjects. 

Theory  of  Design:  The  principle  object  sought  by  the  design  of 
track  construction  submitted  herewith  was  permanency  of  construc- 
tion with  minimum  maintenance,  depreciation  and  renewal  expense. 
Inasmuch  as  the  rails  and  joints  of  a  track  are  subject  to  direct 
and  continuous  wear  and  must  in  time  be  renewed,  the  track  has 
been  divided,  possibly  arbitrarily,  into  what  we  term  a  "superstruc- 
ture" and  a  "substructure."  That  part  of  the  track  that  must 
be  renewed  being  styled  the  superstructure,  consisting  of  rails, 
joints,  and  possibly  the  tie  fastenings ;  and  that  part  of  the  track 
not  subject  to  direct  wear,  or  necessarily  affected  by  the  operation 
of  renewing  the  superstructure,  has  been  styled  the  substructure, 
consisting  of  ties,  ballast,  etc.  (The  subject  of  paving  will  not  be 
referred  to  here  in  detail,  as  pavement  is  considered  to  be  a  separate 
item.) 

From  the  brief  description  given  above  it  will  be  seen  that  the 
theory  of  our  track  construction  consists  of  a  permanent  sub- 
structure that  will  not  depreciate  and  a  superstructure  that  can  be 
renewed  when  necessary  without  disturbing  the  substructure.  There 
has  been  developed  and  approved  by  the  Board  of  Supervising 
Engineers  three  types  of  track,  each  type  differing  from  the  others 
in  the  character  of  the  substructure  and  tie  fastenings.  These  types 
are  as  follows : 

Type  No.  i :  Consists  of  a  concrete  foundation  with  steel  ties, 
spaced  four  feet,  center  to  center,  entirely  embedded  in  concrete, 
and  with  a  specially  designed  renewable  clip  and  wedge  for  rail  to 
tie  fastening. 

Type  No.  2:  Consists  of  a  concrete  foundation  with  wood  ties, 
spaced  four  feet,  center  to  center,  entirely  embedded  in  concrete, 
and  with  tie  plates  and  screw  spikes  for  rail  to  tie  fastening. 

Type  No.  2-A  :  Same  as  Type  No.  2,  excepting  that  the  ties  are 
spaced  three  feet,  center  to  center. 

Type  No.  3 :  Consists  of  a  rolled,  broken  stone  foundation,  with 
wood  ties,  spaced  two  feet,  center  to  center,  and  with  tie  plates 
and  screw  spikes,  for  rail  to  tie  fastening. 

Careful  study  and  thorough  discussion  were  given  to  the  subject 
of  track  substructure  by  the  Board.     In  some  cities  a  type  of  track 
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Fig.  2. — Wood  Ties  in  Concrete. 
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construction  known  as  "Beam  Construction"  has  been  used,  where 
the  rails  have  been  laid  in  concrete  with  an  increased  amount  of 
concrete  directly  under  the  rail  forming  what  is  termed  the  "Beam." 
In  some  instances  without  ties,  and,  in  other  cases,  with  the  ties 
at  joints  and  centers  or  joints,  centers  and  quarters,  to  assist  in  sur- 
facing and  lining  the  track.  Unsatisfactory  results  have  generally 
followed  the  use  of  this  type  of  construction. 

Track  has  been  constructed  in  the  cities  of  Montreal  and  Toronto, 
Canada,  where  "T"  rails  and  also  girder  rails  have  been  laid  on  a 
concrete  foundation  without  ties,  no  attempt  being  made  to  fasten 
the  track  down.  The  concrete  foundation  is  first  laid  and  the  rails 
are  strung  out  upon  it  as  they  would  be  upon  a  floor,  spliced,  tie 
rods  placed,  lined,  surfaced,  grouted  and  paved.  The  writer  rode 
over  track  in  these  cities  that  was  constructed  in  this  manner  and 
which  had  been  operated  about  one  year,  and  was,  at  that  time,  in 
apparent  good  condition  with  no  evidence  of  failure. 

Independent  sets  of  bolt  fastenings  were  considered  as  a  sub- 
stitute for  ties,  to  be  set  into  the  concrete  "foundation  bolt"  fashion, 
a  separate  line  for  each  rail  spaced  four  or  five  feet  center  to  center. 
This  type  of  fastening  has  not  been  used,  the  type  with  cross  ties 
being  considered  better  construction,  and  it  is  shown  here  simply 
to  illustrate  the  text. 

The  subject  of  the  use  of  ties  in  track  construction  was  given 
thorough  study  and  consideration,  and  it  was  the  final  unanimous 
opinion  of  the  Board  that  it  was  of  prime  importance  to  have  the 
rails  in  the  track,  tied  together  independent  of  the  concrete,  and 
the  use  of  ties  was,  therefore,  determined  upon. 

The  substructure  in  Type  No.  I  track,  has  the  elements  of  per- 
manent life,  to-wit:  Steel  ties  embedded  in  Portland  cement  con- 
crete. The  fact  has  been  quite  thoroughly  established  that  steel 
embedded  in  concrete  is  protected  from  corrosion,  and  therefore, 
permanent  life  can  be  expected  from  Type  No.  I  foundation,  if 
motion  can  be  prevented  between  the  tie  and  the  concrete,  which 
otherwise  would  tend  to  cause  disintegration  of  the  concrete  and 
consequent  failure  of  the  foundation.  While,  with  the  use  of  steel 
ties,  all  members  of  the  Board  were  of  the  opinion  that  the  result- 
ing foundation  contained  the  elements  of  permanency  as  regards 
materials,  the  question,  of  rigidity  of  the  track  and  the  presence 
or  absence  of  sufficient  resilience  or  cushioning  effect  to  absorb 
shock  and  vibration  was  discussed  at  length,  with  the  final  result 
that  the  use  of  wood  ties  in  Type  No.  2  or  Type  No.  2-A  track, 
meets  with  more  favor,  and  today  Type  No.  2-A  is  practically  the 
standard  track  adopted  by  the  Board. 

It  is  only  practicable  to  build  track  with  a  concrete  foundation 
when  conditions  are  such  that  traffice  will  not  be  put  upon  it  for  a 
sufficient  length  of  time  to  permit  the  concrete  to  become  properly 
set.  This  can  be  done  when  long  stretches  of  track  are  to  be  built 
and  provisions  can  be  made   for  re-routing  the  cars,  or  the  con- 
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Fig.  3- 


-Wood  Ties  on  Broken  Stone. 
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Therefore,  it  became  necessary  to  design  a  type  of  track  that  could 
be  used  for  emergency,  special  work,  unimproved  streets,  etc.,  and 
Type  No.  3  has  been  adopted  for  such  uses. 

Materials:  The  steel  tie  used  in  Type  No.  1  track  is  an  "I" 
beam  shape,  weighing  14.5  lbs.  per  foot  with  one  wide  flange  and 
one  narrow  flange.  We  use  the  tie  inverted — that  is — with  the  wide 
flange  up  to  receive  the  rail. 


CROSS       SECTION. 

"7"  GIRDER        RAIL       ON      CONCRETE. 

THE      TORONTO     STREET    RAILWAY      CO. 


Fig.  4. 


GRANITE       BLOCK 


SAND. 


y.    ;< 

£>  ■ 
V 


ANCHOR      BOLT     TYPE. 
CONCRETE    TRACK     CONSTRUCTION. 


Fig.  5- 

struction  of  a  temporary  track  for  their  operation.  Also,  in  the 
placing  of  special  work,  such  as  frogs  and  crossings,  it  is  im- 
practicable to  attempt  to  use  this  type  of  foundation,  and  a  con- 
crete substructure  should  have  a  solid  foundation  of  soil  under  it. 
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Fig.  6. 


According  to  the  theory  of  our  construction,  the  tie  becomes  a 
part  of  the  permanent  substructure  and  must  be  protected  from 
wear,  and  necessarily  must  not  be  disturbed  in  the  operation  of 
renewing  the  rails.  A  tie  plate  and  "clip"  fastening  were  designed 
(Fig.  6)  to  accomplish  this  result.  By  the  use  of  special  fasten- 
ings, independent  of  the  rail  fastenings,  the  tie  plate  becomes  a  part 
of  the  tie;  no  movement  can  take  place  between  the  tie  plate  and  the 
tie,  thereby  protecting  the  tie  from  wear. 

These  tie  plate  fastenings  are  so  designed  that,  at  the  time  the 
rail  is  renewed,  the  tie  plate  can  also  be  renewed  without  disturbing 
the  tie.  The  rail  is  fastened  to  the  tie  plate  and  tie  by  a  clip  that 
can  be  removed  and  replaced  without  disturbing  the  tie. 

The  wood  tie  used  in  Types  No.  2,  No.  2-A  and  No.  3  track  is 
6  in.  by  8  in.  by  7  ft.  o  in.  long,  treated  with  chloride  of  zinc.  In 
considering  the  use  of  the  wood  tie  the  subject  of  decay  and  methods 
of  treatment  for  the  preservation  of  the  wood  were  considered. 
From  information  gathered,  it  was  believed  that  timber  incased 
in  concrete  would  be  preserved  against  decay,  and  our  first  specifica- 
tion for  the  manufacture  of  ties  called  for  untreated,  90%  heart, 
yellow  pine  ties. 

The  question  of  the  life  of  the  wood  tie  has  direct  bearing  upon 
the  length  of  life  of  the  substructure.  It  being  such  an  important 
factor  the  study  of  treatment  of  ties  by  preservatives  was  con- 
tinued, and,  after  further  discussion,  it  was  the  unanimous  opinion 
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of  the  Board  that  the  treatment  of  the  wood  ties  by  a  preservative 
would  be  an  added  insurance  against  their  decay  sufficient  to  warrant 
such  additional  expense  that  might  be  incurred  by  the  use  of  treated 
ties.    After  a  very  exhaustive  study  of  the  subject,  it  was  the  con- 


RAIL.     AND     "TIE     PIRATE     FASTENINGS 
WOOD      TIE      CONSTRUCTION. 

Fig.  7- 

elusion  of  all  members  of  the  Board  that  where  ties  or  timber  are 
exposed  to  the  action  of  the  elements  and  subjected  to  rains  and 
floods,  the  creosoting  treatment  was  preferable,  but  for  our 
use  in  street  railway  track,  where  the  ties  are  encased  in  concrete 
and  protected  from  the  action  of  water,  and  with  no  opportunity 
for  the  soluble  salt  to  be  "leached"  out  of  the  timber,  the  chloride 
of  zinc  treatment  was  all  sufficient  and  would  preserve  the  ties 
against  decay.  Therefore,  the  standard  tie  as  now  used  in  the  track 
construction  is  the  chloride  of  zinc  treated  tie. 

The  treatment  of  ties  with  a  preservative,  permits  the  use  of  a 
wider  range  of  soft  woods,  and  our  specifications  for  treated  ties 
include  the  following  timbers :  "Long  Leaf  Yellow  Pine,  Short 
Leaf  Yellow  Pine,  Loblolly  Pine,  Black  Gum,  Norway  Pine,  Oregon 
Fir,  Cypress  or  Selected  Red  Oak."  * 


♦Since  the  paper  was  read.  Black  Gum  has  oeen  Omitted  from  the  specifications 
for  the  treatment  of  ties,  and  Beech  and  Elm  have  been  added. 
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The  specifications  for  the  antiseptic  treatment  of  ties,  covers 
the  treatment  by  straight  creosote  and  a  combination  treatment  of 
zinc  chloride  and  creosote,  as  well  as  the  chloride  of  zinc  treatment. 
The  specifications  require  the  treatment  to  be  applied  in  retorts  or 
cylinders  properly  arranged  for  a  steaming,  vacuum  and  compres- 
sion process. 


M\ 


ESTIMATED    QUANTITIES  OF  MATERIAL 
FOR  TYPICAL  LAYOUT 


8/6 FT.  (Z527 LBSj   /.OOO.OOO  CM.    BARE  COPPER  CABLE. 


Wrap  with  */£  wire  <&  so/der.  — ; ' 


Scale  20  Ft -I  Inch. 


All 'inferno/ '  &tanai?ra 'Joints  of 
special  norA  bonded  with  40  *■•£ 
cooper  ix>nd  J-  terminal. 

Connect  auxiliary  cables  to 
speca/  work  cab/es  at  cross- 
ing. 


Fig.  8. 


Our  specifications  provide  that  in  the  steaming  treatment  the 
temperature  must  not  exceed  250  deg.  Fah.,  and  that  the  vacuum 
applied  shall  not  be  less  than  26  inches  of  mercury,  and  the  pressure 
used  for  impregnating  the  fluid  shall  not  exceed  100  lbs.  per  sq.  in., 
but  provision  is  made  for  increasing  this  pressure  when  the  creosot- 
ing  process  is  used. 
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The  specifications  provide  that,  with  the  zinc  chloride  treatment 
the  solution  shall  carry  such  percentage  of  chloride  of  zinc  salt  that 
the  mean  impregnation  per  cubic  foot  of  timber,  shall  be  ]/2  pound 
of  pure  chloride  of  zinc. 

It  is  essential  that  the  wood  tie  be  protected  against  destruction 
of  the  fibre  by  the  action  of  the  rail,  producing  what  is  termed  a 
"channeling"  effect.  From  the  writer's  observation,  one  of  the 
principal  causes  for  the  failure  of  a  concrete  foundation  track  with 
wood  ties  has  been  the  failure  to  protect  the  tie  from  abrasion 
produced  by  movement  of  the  rail ;  the  rail  having  been  spiked 
directly  to  the  tie  with  ordinary  hook-head  spikes,  the  spikes 
pulling  out  under   traffic  permits   a  movement  of  the   rail   which 


performs  work  upon  the  tie  and  destroys  the  fibre  of  the  wood.  In 
order  to  protect  the  tie  thoroughly  from  the  action  of  the  rail,  the 
tie  plates  secured  to  the  tie  by  "fetter  drive"  screws;  the  plates 
thereby  becoming  a  part  of  the  tie.  This  tie  plate  can  be  renewed 
wherever  the  rail  is  renewed,  without  disturbing  the  tie,  if  it  is 
so  desired. 

The  rail  is  secured  to  the  tie  by  screw  spikes  which  are  susceptible 
of  being  removed  or  replaced  whenever  it  is  desired  to  renew  the 
rail  without  disturbing  the  tie. 

To  assist  in  holding  the  rails  to  line  and  gauge,  the  tie  plates  are 
provided  with  a  "shoulder,"  and  tie  rods,  5/16  in.  by  2  in.  with  I  in. 
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round  terminals,  manufactured   from  solid  bars,  are  used,  spaced 
six  feet,  center  to  center. 

The  provisions  of  the  ordinances  of  February  nth,  1907,  passed 
by  the  City  Council  of  the  City  of  Chicago  to  the  Chicago  City 
Railway  Company  and  the  Chicago  Railways  Company,  under  which 
the  Board  of  Supervising  Engineers  is  working,  provide  under  the 
head  of  "Bonding"  in  ''Exhibit  B"  of  these  ordinances,  that  "There 
shall  be  some  form  of  bonding  used  which  will  connect  the  ends  of 
the  rails  in  such  manner  that  the  conductivity  of  the  joints  shall 
be  equal  to  the  carrying  capacity  of  the  rail."  After  careful  study 
of  the  rail  joint  question  the  Board  of  Supervising  Engineers  con- 
cluded that  an  electrically  welded  joint  would  fulfill  the  ordinance 
requirements  as  to  conductivity,  and  with  proper  protection  in  the 
contract  covering  possible  breakages,  the  joint  was  considered  to  be 
an  advantageous  one  to  adopt,  and  all  of  the  straight  track  that 
has  been  built  to  date,  under  the  ordinances,  has  been  electrically 
welded  at  the  joints. 


Fig.  10. — Measuring  the  Vertical  Deflection. 

On  "special  work,"  a  bolted  joint  has  been  used,  and,  in  order 
to  provide  for  the  continuity  of  the  full  conductivity  of  the  rails 
through  the  special  work,  a  copper  cable  is  placed  under  the 
special  work  for  each  rail  and  its  ends  are  welded  to  the  web 
of  the  straight  track  rail  outside  of  the  special  work.  (These 
auxiliary  copper  cables  are  shown  on  Fig.  8.)  The  joints  of  this 
special  work  are  bonded  with  a  small  copper  bond  to  take  care  of 
what  might  be  termed  the  "internal  conductivity"  of  the  piece  of 
special  work. 

Careful  study  has  been  given  the  subject  of  track  "special"  work, 
and  the  very  important  point  of  providing  passing  clearances  for 
cars  operating  in  opposite  directions  on  curves  has  been  accom- 
plished.    In  large  cities  where  cars  must  be  operated  under  close 
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headway,  and  where  the  congestion  of  the  streets  from  vehicular 
and  pedestrian  traffic  introduces  delays  to  cars,  cannot  be  en- 
tirely eliminated  in  the  operation  of  cars  upon  the  street  surface, 
it  is  essential  that  delays  from  other  sources  should  be  reduced  to 
the  minimum.  Consequently  the  elimination  of  delays  to  cars  at 
curves  will  be  a  great  factor  in  reducing  the  schedule  time  of 
the  cars. 

Owing  to  the  rapid  wear  of  track  "special"  work  at  frog  and 
crossing  points,  particularly  when  the  special  work  has  been  "built 
up"  using  ordinary  rolled  rail  sections,  the  question  of  providing  a 
"maximum  wearing"  metal  to  be  used  in  such  work  has  been  given 
much  study  by  the  leading  special  work  manufacturers,  for  the  pur- 
pose, primarily,  of  producing  a  "maximum  wearing"  metal  or 
a  "hardened  center"  insert  at  the  point  of  maximum  wear,  in  order 
to  make  the  life  of  the  special  work  at  these  points  of  "maximum 
wear"  equivalent  to  the  life  of  the   connecting  rail,  with  the  re- 


Fig.  II. — Measuring  Lateral  Deflection. 

suit  that  metals  have  been  produced  that  outwear  the  connecting 
steel  rails ;  and  it  is  very  frequently  the  case  in  the  life  of  "hardened 
center"  special  work  that  the  rolled  Bessemer  steel  connecting  rails 
wear  out  before  the  frog  point  or  crossing  point. 

The  metal  that  has  met  with  the  greatest  success  is  a  steel  alloyed 
with  manganese,  which,  in  its  manipulation  and  annealing,  produces 
a  metal  that  is  very  hard  and  tough,  but  ductile,  a  metal  so  hard 
that  it  is  not  subject  to  rapid  wear  and  is  not  brittle. 

Such  special  work  that  wears  rapidly  is  very  objectionable  by 
reason  of  the  poor  operating  condition  resulting  from  deteoriation, 
and  is  most  expensive  from  a  standpoint  of  repairs  and  renewals,  for 
the  reason  that,  by  comparison  with  straight  track,  the  life  of 
special  work  is  short,  and   not  only  the  cost  of  the  special  work 
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"layout"  is  involved,  but  the  cost  of  removing  the  old  and  installing 
the  new  work  must  be  considered.  Therefore,  if,  by  installing  an 
improved  class  of  special  work  at  a  reasonable  additional  first  cost, 
its  life  can  be  increased,  it  is  economy  to  do  so. 

In  considering  the  question  of  special  work,  the  Board  of  Super- 
vising Engineers  desired  to  design  a  type  that  would  result  in  the 
greatest  wearing  life  possible,  and  its  plans  and  specifications,  in 
addition  to  "hardened  center"  work,  provide  for  switches,  mates, 
frogs,  and  crossings  of  solid  manganese  steel  and  a  large  part  of 
the  special  work  that  has  been  installed  under  the  supervision  of  the 
Board,  particularly  upon  trunk  line,  heavy  traffic  streets,  has  been 
of  the  solid  manganese  type. 


Fig.   12. — To  Measure  the  Tie  Deflection. 

It  has  been  considered  that  the  concrete  in  the  substructure  is 
one  of  the  most  important  parts  of  our  track  construction,  and  the 
specifications  covering  this  part  of  the  work  have  been  drawn  very 
carefully,  and,  in  prosecuting  the  work,  great  care  has  been  taken 
to  have  first  class  materials  and  thorough  workmanship  in  mixing 
and  placing.  The  specifications  provide  that  the  concrete  shall  con- 
sist of,  "Portland  cement — I  part,  sand — 3  parts  and  crushed 
stone — 6  parts";  that  the  Portland  cement  shall  conform  to  the 
"Standard  specifications  adopted  by  the  American  Society  for  Test- 
ing Materials";  "the  stone  shall  be  hard,  durable  and  free  from 
dirt,  broken  and  screened  and  what  is  known  commercially  as  one 
inch  stone" ;  "the  sand  used  shall  be  sharp,  clean  torpedo  sand  free 
from  dust,  loam  and  dirt."  The  specifications  cover  mixing  by  hand 
for  emergency,  but  the  mixing  of  the  concrete  for  the  general  work 
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is  done  by  machine  under  the  following  specification :  "The  con- 
structor may  use  a  machine  mixer  at  the  discretion  of  the  Engineer 
in  Charge.  The  necessary  requirements  for  the  machine  will  be 
that  the  precise  and  regular  proportioning  of  materials  can  be 
controlled,  and  the  product  be  of  the  required  consistency  when 
thoroughly  mixed,  and  that,  if  the  machine  travels  upon  the  track 
rails,  the  vibrations  and  the  strains  due  to  moving  the  mixer  will 
not  be  sufficient  to  affect  the  line  and  grade  of  the  track." 

As  stated  previously  in  this  paper,  the  specifications  require  that 
the  track  shall  stand  fourteen  (14)  days  after  the  concrete  has  been 
placed,  before  cars  are  allowed  to  be  operated  thereon. 

Where  the  pavement  on  the  outside  of  the  track  is  asphalt,  or 
of  similar  character  that  can  be  swept  and  cleaned,  the  stone  and 
sand  are  deposited  directly  upon  the  clean  pavement,  but  on  un- 
paved  streets,  or  where  the  pavement  is  of  such  character  that  it 
cannot  be  thoroughly  cleaned  prior  to  the  depositing  of  the  concrete 
materials,  a  floor  of  planking  is  laid  upon  the  street  to  receive  the 
concrete  materials. 


Fig.  13. — Mixing  and  Placing  Concrete  in  the^Track. 

The  spaces  under  the  heads  of  the  rails  and  next  to  the  webs  are 
filled  with  a  Portland  cement  mortar,  composed  of  one  (1)  part 
Portland  cement  and  three  (3)  parts  torpedo  sand. 

In  order  to  provide  a  thoroughly  solid  foundation,  the  trench  pre- 
pared to  receive  the  track,  after  having  been  excavated  to  the  re- 
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quired  depth,  is  thoroughly  rolled  with  a  heavy  steam  roller,  and 
all  soft  places  that  are  thereby  developed  are  excavated  and  properly 
filled  with  good,  clean  sand  or  gravel,  rammed,  rolled,  or  puddled 
as  may  be  directed. 

In  the  case  of  Type  No.  3  track,  in  addition  to  rolling  the  ex- 
cavation, the  crushed  stone  is  thoroughly  rolled  before  placing  the 
ties  to  receive  the  rails. 

In  designing  the  foundation  for  Types  Nos.  1  and  2  track  with 
the  ties  four  (4)  feet,  center  to  center,  it  was  figured  that  the 
principal  office  of  the  tie  would  be  to  hold  the  rails  down  and  to 
line  and  gauge,  and  that  the  loads  of  passing  cars  would  be  dis- 
tributed to  the  soil  by  the  concrete. 


Fig.  14. — Rolling  Crushed  Stone  in  the  Roadway. 

During  the  year  1907  all  wood  tie,  concrete  foundation  track  con- 
structed was  of  Type  No.  2  design  with  ties  four  (4)  feet,  center 
to  center. 

During  the  winter  of  1908  the  track  built  during  the  previous  year 
was  carefully  inspected  to  ascertain  its  behavior  under  traffic,  and 
it  was  found  in  places  that  a  slight  movement  in  the  rail  could  be 
detected  under  the  load  of  passing  cars.  The  Chief  Engineer  of 
the  Work  directed  that  an  investigation  be  made  to  ascertain  the 
cause  of  the  movement,  to  what  extent  it  affected  the  track  con- 
struction, and  what  the  possible  results  might  be. 

October,  1909 


688 


Weston — Street  Car  Tracks,  Chicago 


In  order  to  make  this  study  and  determine  the  rigidity  and  action 
of  the  different  types  of  track  construction  under  traffic,  observa- 
tions were  taken  by  means  of  a  "Deflectometer,"  designed  especially 
for  the  purpose.  (Figs.  10,  1 1,  12.)  This  apparatus  was  so  con- 
structed that  lateral  movement  of  the  rail  could  be  observed  as  well 
as  vertical  deflection,  and  it  was  also  arranged  so  that  any  vertical 
movement  of  the  ties  in  the  concrete  could  be  readily  determined 
and  measured.  The  principal  object  of  the  investigation  was  to  de- 
termine if  any  movement  occurred  of  sufficient  magnitude  tending 


Fi.g  15. — Another  Concrete  Mixer  at  Work. 

to  disintregate  the  concrete  foundations,  or  to  endanger  the  life 
of  the  track  substructure.  It  will  be  observed,  by  an  examination  of 
the  illustration  that  the  "Deflectometer"  consists  of  a  simple  lever 
mounted  on  a  suitable  frame,  having  at  its  outer  end  a  pointer  which 
moves  over  a  scale.  This  lever  is  proportioned  for  a  ratio  of  ten 
to  one — that  is — the  reading  on  the  scale  is  ten  times  the  actual 
deflection  recorded.  The  distance  from  the  rail  to  the  fulcrum 
being  four  inches,  that  from  the  fulcrum  to  the  scale  is  forty  inches. 
The  frame  is  designed  so  that  the  joints  of  the  supporting  frame 
are  adjustable  to  compensate  for  any  inequality  in  the  pavement,  so 
the  apparatus  can  be  brought  to  a  true  level  when  the  readings 
are  being  taken. 

In  order  to  segregate  the  vertical  movement  from  the  horizontal 

Vol.  XIV.     No.  5 


Weston— Street  Car  Tracks,  Chicago 


689 


movement  of  the  rail  a  small  clamp  was  made  to  be  attached  to 
the  outer  side  of  the  rail.  This  clamp  is  placed  on  the  under  and 
outer  surfaces  and  highly  polished  so  that  the  point  of  contact  with 
the  lever  will  move  over  these  surfaces  without  friction. 

To  take  readings  for  vertical  deflection  the  instrument  was  set 
at  right  angles  to  the  track  and  the  frame  adjusted  to  a  true  level, 


Fig.    17.-— Electric  Welding  Machine 

the  clamp  applied  to  the  head  of  the  rail,  and  the  short  arm  brought 
into  contact  with  the  under  surface  of  the  clamp.  (See  Figure  10.) 
With  the  instrument  in  this  position  it  will  be  seen  that  any  vertical 
movement  that  takes  place  in  the  rail  under  load  would  be  transmitted 
teethe  pointer  at  the  scale  and  would  be  magnified  ten  times.  In 
this  position  the  instrument  records  only  vertical  movement. 

To  measure  horizontal  movement  of  the  rail  the  other  arm   is 
brought  into  contact  with  the  outer  surface  of  the  clamp,  and  in 
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this  position  any  horizontal  movement  is  transmitted  to  the  pointer 
on  the  scale  in  the  same  manner  as  recording  vertical  movement. 
When  in  this  position  only  horizontal  movement  will  be  recorded. 

To  take  readings  for  the  deflection  of  the  tie,  a  longer  arm  was 
attached  to  the  apparatus  which  was  fastened  to  the  tie  by  means 
of  a  screw  eye  when  applied  to  wood  ties,  and  when  the  observations 
were  being  made  on  steel  ties  the  arm  was  hooked  under  the  flange. 

When  readings  were  taken  of  the  concrete  substructure  a  small 
hole  was  drilled  into  the  concrete  and  plugged  with  lead,  and  a  small 
screw  eye  inserted  as  in  the  case  of  the  wood  tie. 

When  these  tests  were  taken  it  was  expected  that  deflection 
amounting  to  as  much  as  from  j4  in-  to  "j£  in.  would  be  found  in 
some  places ;  in  this,  the  results  obtained  were  an  agreeable  surprise, 
for  the  maximum  vertical  deflection  recorded  was  5/64  in.  In  a 
large  percentage  of  the  track  tests  no  vertical  deflection  whatever 
was  noted.  It  was  also  shown  by  these  tests  that  greater  vertical 
deflection  occurred  at  the  rail  joints,  and  decreased  away  from  the 
rail  joints,  and  that  the  average  vertical  deflection  observed  seemed 
to  be  about  1/32  in.  No  deflection  whatever  was  observed  in  the 
concrete,  and  only  in  a  very  few  cases  was  any  deflection  in  the 
ties  recorded.  In  these  few  instances  the  ties  were  excavated  and 
it  was  found  that  the  movement  was  due  to  improper  tamping,  leav- 
ing voids. 

After  numerous  tests  had  been  made  it  was  determined  that 
practically  all  movement  took  place  between  the  base  of  the  rail 
and  the  tie  plate,  and  that,  in  the  majority  of  cases,  this  movement 
was  observed  near  the  joint  of  the  rails  and  disappeared  entirely 
as  the  center  of  the  rail  was  approached.  This  can  be  explained 
as  follows :  There  is  an  opening  left  in  the  concrete  to  facilitate 
the  welding  of  the  joint,  which  is  done  after  the  concrete  has  been 
placed.  When  the  weld  is  made  the  rail  fastenings  on  the  ties 
adjacent  to  the  joint  are  loosened,  and  the  rail  apparently  buckles 
when  the  weld  is  made,  and,  in  retightening  the  fastenings,  the  rail 
was  not  forced  back  to  its  original  position  on  the  tie  plates,  and, 
when  the  loaded  cars  passed  over  the  rail  at  these  points  the  rail 
was  forced  down  to  the  tie  plate,  and,  after  the  load  was  removed, 
the  rail  would  spring  back  again  from  the  tie  plate,  which  accounts 
for  the  vertical  movement. 

It  should  be  noted  that  horizontal  movement  was  recorded  in 
practically  every  case  of  tests  made.  The  average  movement  in  this 
direction  being  about  1/64  inch.  This  horizontal  movement  seemed 
to  be  a  constant  factor  and  varied  but  little  in  any  case.  These 
tests  proved  that  the  eye  greatly  exaggerated  the  apparent  movement 
of  the  track  under  load.  It  was  discovered  that,  even  to  the  eye  of 
the  trained  observer,  the  rails  that  seemed  to  have  a  deflection  of 
34  in.  in  reality  did  not  move  more  than  1/64  in. 

These  tests  also  demonstrated  that  in  many  instances  where  ver- 
tical movement  of  the  rail  seemed  to  be  observed,  it  was,  in  fact, 
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a  horizontal  movement.  The  tests  further  proved  that  it  was  im- 
possible for  the  observer  with  the  naked  eye  to  differentiate  between 
horizontal  movement  and  vertical  movement  of  the  rail. 

These  observations  proved  ( i )  that,  when  the  foundation  is 
properly  prepared,  the  concrete  properly  mixed  and  placed,  and  the 
ties  properly  tamped,  and  the  concrete  given  a  sufficient  length  of* 
time  to  properly  set  before  traffic  is  allowed  upon  the  track,  no 
movement  occurs  between  the  concrete  and  the  soil  or  between  the 
tie  and  the  concrete,  and  that,  when  the  fastenings  are  properly 
applied,  no  vertical  movement  will  occur  between  the  rail  and  the 
tie  plate.  (2)  The  observations  proved  that  the  types  of  construc- 
tion that  are  being  used  in  the  rehabilitation  of  the  tracks,  as  far  as 
can  be  figured  at  this  time,  have  the  characteristics  which  promise  a 
permanent  substructure. 

The  rehabilitation  of  the  properties  of  the  Street  Railway  Systems 
of  Chicago  makes  it  possible  to  carry  on  work  in  the  largest  scale 
and  magnitude,  and  will  entirely  change  the  character  of  the  property 
and  place  it,  in  all  departments,  on  a  basis  of  most  modern  con- 
struction as  regards  cars  and  car  houses,  sub-stations,  electrical 
equipment,  track,  special  work,  and  transmission  system,  the  latter 
being  placed  under  ground  in  a  much  larger  area  than  has  ever 
before  been  attempted  by  any  electric  traction  system  operating  by 
means  of  the  over-head  trolley. 

The  improvements  now  being  made  in  the  properties,  together 
with  through-routing,  and  the  improvements  in  operating,  including 
a  subway  through  the  business  district,  which  are  things  we  hope 
will  be  realized  in  the  near  future,  will  make  Chicago's  surface 
transportation  equal  to  the  best  in  the  world. 

Discussion. 

President  Allen :  Only  a  few  years  ago  the  Street  Railway 
system  of  Chicago  was  an  eyesore  and  a  disgrace  to  any  city  claim- 
ing civilization.  Recently,  however,  an  experiment  has  been  tried  here 
which  marks  the  beginning  of  a  general  era  of  improvement  in  mat- 
ters of  that  kind — an  era  in  which  the  street  railway  systems, 
instead  of  being  operated  solely  for  private  gain,  are  operated  co- 
operatively, the  people  having  a  share  in  the  profits,  and  also  con- 
trolling the  details  of  organization,  administration,  and  improve- 
ment. We  are  just  beginning  to  find  what  a  magnificent  thing  a 
properly  built  and  operated  railway  system  is.  We  are  beginning  to 
realize  in  Chicago  that  surface  cars  have  a  usefulness  and  an  adapt- 
ability which  no  other  system  of  transportation  can  ever  entirely 
displace,  and  when  we  come  back  from  visiting  other  cities  we  are 
glad,  no  matter  what  else  we  may  miss,  to  get  back  to  our  own  street 
cars  and  tracks  which  we  are  so  fond  of  speaking  of  as  the  best  in 
the  world. 

When  this  new  era  was  inaugurated  in  our  city,  the  rehabili- 
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tation  of  the  existing  street  car  systems  was  placed  in  the  hands  of 
a  Board  of  Supervising  Engineers,  a  body  with  large  powers  and 
representing  all  parties  to  the  negotiations,  and  the  speaker  of  the 
evening,  Mr.  George  Weston,  has  been  an  active  member  of  this 
Board  for  some  years  and  has  had  a  large  share  in  its  work. 

H.  B.  Fleming,  m.w.s.e.  :  Mr.  Weston  has  given  you  the  facts, 
figures,  and  some  of  the  reasons  which  influenced  the  Board  of 
Supervising  Engineers  in  deciding  upon  plans  which  were  finally 
adopted  for  the  reconstruction  of  tracks  in  the  city  of  Chicago, 
and  has  covered  the  ground  in  a  way  that  I  am  sure  will  enlighten 
those  who  have  had  the  pleasure  of  hearing  him. 

We  have  with  us,  I  notice,  quite  a  number  of  engineers  who  have 
been  engaged  in  the  actual  work  of  constructing  the  tracks  accord- 
ing to  those  plans,  and  I  for  one  would  be  much  pleased  to  hear 
them  give  their  views  regarding  the  plans,  and  to  have  them  present 
some  of  the  difficulties  they  encountered  in  the  reconstruction  work, 
which  difficulties  have  been  overcome,  and  in  a  way,  very  satisfac- 
tory to  the  Board  of  Supervising  Engineers. 

However,  there  is  one  thing  I  would  like  to  call  your  attention 
to,  which  might  be  considered  a  construction  detail,  but  which  was 
given  very  careful  consideration  by  the  Board  before  the  work  was 
started ;  that  is,  the  method  of  handling  traffic  while  the  work  was 
being  done.  There  are  some  streets  where  during  the  "peak  hours'' 
we  have  a  minimum  headway  of  about  twenty  seconds,  with  practic- 
ally no  opportunity  to  build  track  during  the  period  of  maximum 
traffic,  or  even  during  the  middle  of  the  day,  without  providing  in 
some  way  for  diverting  this  traffic.  After  considerable  study  and 
discussion,  three  general  plans  for  handling  the  traffic  during  con- 
struction was  agreed  upon,  and  have  been  followed  all  through  this 
work,  with  the  result  that  even  on  a  street  like  Wabash  Avenue, 
where  there  is  a  minimum  headway  of  twenty  seconds,  the  cars 
actually  made  better  time  during  the  reconstruction  of  those  tracks 
than  they  were  able  to  make  under  normal  conditions.  So  evidently 
our  method  of  handling  traffic  during  the  reconstruction  period 
was  successful. 

The  first  plan  adopted — the  simple  one — was  for  streets  where 
the  traffic  was  light,  and  consisted  of  single  track  operation  by 
means  of  turnouts  and  cross-over  switches.  The  second  plan  con- 
sisted in  the  diversion  of  traffic  to  some  adjacent  street,  which  we 
did  in  some  few  cases  where  there  was  a  trolley  line  less  than  a 
quarter  of  a  mile  away.  We  found,  however,  that  in  cases  where 
the  cars  were  diverted  to  trolley  lines,  even  though  they  were  only 
a  quarter  of  a  mile  away,  the  receipts  on  that  line  depreciated  to 
such  an  extent  that  we  considered  it  advisable  to  follow  the  third 
plan  in  almost  every  case.  This  plan  consists  of  laying  what  we  call 
a  temporary  track,  which  is  nothing  more  nor  less  than  stringing 
a  temporary  overhead  trolley  and  laying  a  third  track  on  the  street. 
This  track  being  a  little  above  the  level  of  the  street,  it  was  free 
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from  traffic,  and  so  we  were  really  able  to  make  better  running 
time  during  reconstruction  than  under  normal  conditions.  I  sup- 
pose most  of  you  are  acquainted  with  this  method,  because  it  was 
used  only  recently  on  Clark  Street,  and  last  year  during  the  recon- 
struction of  the  Wabash  Avenue  tracks. 

I  am  glad  to  have  this  opportunity  to  express  my  appreciation  of 
the  aid  and  cooperation  which  the  city  authorities  have  extended 
in  all  of  our  work  of  reconstruction.  They  have  helped  us  in  every 
way  possible,  and  especially  the  police  department  in  the  policing 
of  the  streets.  In  many  instances  it  would  have  been  almost  im- 
possible for  us  lo  carry  on  the  work  of  reconstruction  if  it  had 
not  been  for  this  aid. 

P.  E.  Green,  m.w.s.e.  :  It  is  not  the  intention  of  this  discus- 
sion to  criticize  in  general  the  work  of  the  Supervising  Engineers, 
as  the  writer  recognizes  the  great  value  of  the  work  done  by  then; 
and  the  immense  difficulties  under  which  they  have  labored.  But 
in  some  very  important  details,  and  details  which  will  vitally  affect 
the  life  of  the  work  and  its  accessories,  it  seems  to  me  that  some 
advantageous  modifications  might  be  made  in  the  designs. 

In  the  rail  section  adopted,  (Fig.  6  or  7)  it  will  be  noticed  that 
the  outside  top  edge  of  the  head  is  beveled  off  at  an  angle  of  about 
thirty  degrees  with  a  horizontal  plane.  Just  what  the  idea  was,  the 
writer  does  not  know,  but  it  probably  had  some  connection  with 
the  paving,  or  possibly  with  the  tread  of  the  wheels.  If  the  pave- 
ment is  laid  at  its  lower  edge,  it  makes  an  ugly  bump,  besides  having 
another  objection  in  the  way  or  drainage,  which  will  be  taken  up 
later.  This  bump  will  have  a  disastrous  effect  on  the  adjoining  pave- 
ment, and  while  Mr.  Weston  distinctly  states  that  he  has  not  taken 
up  this  phase  of  the  traction  problem,  it  is  a  matter  which  cannot 
be  separated  from  the  question.  Anything  that  affects  the  impermea- 
bility of  the  pavement  adjoining  the  rails,  will  affect  the  so-called 
permanent  substructure. 

To  return  to  the  bump ;  a  heavily  loaded  wagon,  weighing  say 
four  tons,  (and  here  in  Chicago  that  is  nearly  a  minimum  for  bulk 
loads)  grinding  and  sliding  off  the  rail  onto  the  pavement  will  have 
a  very  considerable  pounding  effect,  and  a  rut  is  sure  to  develop 
sooner  or  later.  If  the  pavement  is  laid  level  with  the  top  of  the 
rail,  the  V  shaped  space  left,  holds  water  constantly,  and  this  water 
lying  on  the  track  will  inevitably  disintregate  and  destroy  the  pave- 
ment. After  a  rain,  or  when  the  street  is  sprinkled,  this  little  channel 
of  water,  lying  along  the  rail,  does  not  evaporate  at  once.  It 
cannot  get  away  by  draining  across  the  pavement.  With  the  most 
rigid  construction,  as  Mr.  Weston's  paper  shows,  there  is  some 
vibration.  The  cars  cause  this  vibration  to  act  like  a  force  pump 
on  the  sand  bed  of  the  pavement.  The  vibration,  slight  as  it  is, 
tends  to  break  the  bond  between  the  granite  blocks  and  the  cement 
grout  filler,  which  has  been  used  in  the  construction.  In  a  corn- 
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paratively  short  time  the  sand  bed  is  pumped  up  through  the  joints 
onto  the  pavement. 

This  is  not  a  fanciful  picture;  it  may  be  seen  on  nearly  every 
street  which  has  been  reconstructed  for  six  months.  Little  cones 
of  sand,  like  ant-hills,  may  be  found  along  the  rail.  As  an  instance 
of  such  action  may  be  cited  West  Madison  St.  from  the  river  to 
Rockwell  St.  This  street  of  very  heavy  traffic,  both  of  cars  and  other 
vehicles  shows  plainly  this  action.  In  two  or  three  years  the  pave- 
ment adjoining  the  rail  will  be  in  bad  condition. 

There  is  one  way  that  this  action  can  be  stopped.  It  is  my 
belief  that  a  mistake  was  made  when  cement  grout  was  used 
as  a  filler  for  this  brow  pavement.  It  is  not  the  filler  for  such  a 
situation ;  as  there  is  no  yielding  to  the  vibration ;  some  of  the  joints 
will  break.  But  as  it  is  already  in  place,  in  order  to  secure  a  good 
result,  a  few  months  after  the  work  is  finished  it  should  be  gone 
over  carefully  with  a  sand  blower,  the  loose  joints  thoroughly 
cleaned,  and  then  filled  with  an  asphaltic  cement.  A  properly  pre- 
pared asphaltic  cement  has  a  life  of  fifteen  years,  at  least;  it  is  elas- 
tic, impervious  to  water,  and  but  little  attacked  by  street  liquids. 

If  this  fault  is  not  corrected,  what  effect  will  it  have  on  the  per- 
manent substructure?  It  will  be  admitted  that  a  tight,  waterproof, 
closely  laid  pavement  helps  to  keep  down  the  vibration.  This  vi- 
bration, however,  will  never  grow  less,  and  must  increase  as  time 
goes  on.  But  if  the  increase  is  accelerated  by  outside  influence,  it 
will  certainly  reduce  the  life  of  the  construction.  The  loosened 
blocks  of  the  pavement  and  the  grinding  sand  and  water  will  tend 
to  break  up  the  mortar  plastered  under  the  head  and  against  the 


Taylor  Street. 


East  of  Blue  Island  Ave. 


West  of  Blue  Island  Ave. 

Vol.  XIV.     No.  5 


Discussion — Street  Car  Tracks,  Chicago  695 

web  of  the  rail,  and  the  rail  will  be  that  much  more  free  to  pound 
the  concrete  beneath. 

Taylor  St.,  from  Canal  St.  to  Blue  Island  Ave.,  was  paved  with 
creosoted  wood  block  in  1904.  The  tracks  were  reconstructed,  but 
the  rail  section  had  a  square  edge,  or  one  nearly  so.  The  blocks 
were  laid  level  with  the  rail  and  tight  against  it.  After  five  years' 
service,  both  track  and  pavement  are  in  first  class  condition.  Lincoln 
Ave.,  paved  in  1 907-1908,  with  creosoted  blocks  laid  close  against  the 
rail,  plainly  shows  in  many  places,  the  effect  of  this  bevel.  Alto- 
gether, it  seems  to  me,  a  very  strong  case  may  be  made  against  the 
rail  used. 

Still  more  significant  are  the  photographs,  (Fig.  16)  which  shows 
the  creosoted  block  on  Taylor  St.,  above  mentioned,  which  is  in  a 
perfect  condition  to-day,  and  also  Taylor  St.  from  Blue  Island  Ave. 
to  Paulina  St.,  laid  with  asphalt  at  the  same  time,  but  with  a  sep- 
arate granite  brow.  The  tracks  are  settled  about  two  inches,  and, 
as  may  be  seen,  the  ruts  along  the  granite  are  very  bad.  It  might 
be  said  that  this  is  the  result  of  the  difference  between  the  creosoted 
pavement  and  the  asphalt;  but  the  asphalt  on  this  whole  street  is 
now  in  fine  condition,  except  along  the  rails.  The  whole  result  is 
certainly  caused  by  poor  and  faulty  brow  construction,  or,  in  other 
words,  the  combined  action  of  water  and  vibration  at  a  point  made 
weak  by  not  being  more  nearly  impervious. 

It  is  not  maintained  that  the  reconstruction  now  is  not  better 
than  it  was  in  1904,  but  if  a  creosoted  wood  block  pavement  laid 
tight  against  a  rail  in  1904,  when  the  reconstruction  was  not  as 
good  as  that  of  to-day,  shows  up  better  than  a  similar  pavement 
laid  in  1908,  under  more  approved  methods,  there  must  be  a  fault 
somewhere,  and  1  think  it  is  in  that  apparently  insignificant  bevel 
of  the  rail  top. 

Another  point  is  that  in  the  reconstruction,  no  matter  what 
kind  of  a  pavement  is  to  adjoin  the  rail,  the  concrete  shoulder  is 
made  approximately  seven  inches  below  the  top  of  the  rail.  This  is 
all  right  where  a  granite  block  is  put  in,  but  when  a  creosoted  wood 
block  pavement  is  the  street  pavement,  it  is  entirely  wrong,  and  no 
variation  has  been  made,  as  far  as  I  know,  in  the  method  of  con- 
struction. The  specifications  of  the  City  of  Chicago  call  for  wood 
blocks  four  (4)  inches  in  depth  and  on  one  (1)  inch  of  sand.  The 
granite  blocks  are  five  (5)  inches  deep  and  are  on  two  (2)  inches  of 
sand.  Thus,  if  the  brow  is  built  of  the  creosoted  blocks  against  the 
rail,  it  is  either  necessary  to  use  two  to  three  inches  of  sand  on 
the  concrete  already  put  in  by  the  railways,  or  to  try  to  put  a  slab 
of  one  to  two  inches  of  concrete  on  the  concrete  already  in.  Any 
engineer  will  recognize  the  difficulty  of  doing  this  last  satisfactorily. 
But  if  the  sand  is  used  to  bring  the  pavement  to  the  grade  shown 
on  the  plans  (one-quarter  inch  below  the  top  of  the  rail)  the  pound- 
ing of  the  street  traffic  will  compress  that  two  or  three  inches  of  sand 
considerably  more  than  the  one  inch  of  sand  underlying  the  pave- 
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merit  laid  by  the  City,  and  in  a  short  time  the  pavement  against  the 
rail  will  be  formed  into  a  natural  channel  in  which  the  water  lies, 
to  the  ultimate  destruction  of  the  pavement.  A  good  example  of 
this  may  be  seen  on  Lincoln  Ave.,  south  of  Belmont.  By  the  time 
the  repaving  of  Lincoln  (following  the  car  track  reconstruction) 
had  reached  Belmont,  the  engineer  in  charge  realized  this  fault  and 
endeavored,  in  the  remainder  of  the  work,  to  remedy  it  by  raising 
the  grade  of  the  pavement  slightly  above  the  rail  so  that  the  traffic 
would  not  force  it  down  too  far.  This  tends,  however,  to  bring 
the  other  fault  mentioned  (that  of  water  accumulating  between  the 
rail  and  the  block)  into  action,  and  it  is  somewhat  doubtful  if  it 
is  any  improvement. 

It  is  my  belief  that  if  the  rail  had  been  made  square  on  that  edge, 
the  blocks  would  have  fitted  it  more  closely,  the  brooming  of  the 
edges  made  a  better  seal  than  the  present  construction,  and  a  longer 
life  insured  for  the  pavement  and  for  the  permanent  substructure. 

Another  very  unfortunate  matter  in  the  reconstruction,  is  the 
placing  of  the  special  work,  such  as  the  crossings,  turnouts,  etc. 
While  the  specifications  may  state  that  the  concrete  be  fourteen 
days  old  before  the  cars  are  operated  over  the  tracks,  it  is  a  fact 
that  at  crossings  and  other  places  where  this  special  work  goes  in, 
and  where  traffic  is  heaviest  and  has  the  most  severe  effect  on  the 
construction,  the  cars  are  run  and  the  traffic  is  uninterrupted  while 
the  concrete  is  being  placed ;  in  other  words,  at  the  point  of  se- 
verest service,  the  weakest  and  poorest  work  is  done.  The  excuse 
is,  probably,  that  this  cannot  be  helped,  on  account  of  operating 
necessities.  It  seems  to  me,  however,  that  more  careful  planning, 
such  as  making  surveys  for,  and  ordering  of,  such  specials  in  ample 
time,  would  have  eliminated  much  of  this  poor  work.  The  work  of 
the  first  year  may  be  excused,  but  in  the  third  year  the  same  condi- 
tion holds.  It  must  inevitably  occur  that  in  a  very  short  time  much 
of  this  work  will  become  in  very  bad  condition  and  will  be  a  source 
of  criticism  and  reproach  to  the  Board  of  Supervising  Engineers. 

One  of  the  worst  features  that  has  yet  come  to  my  notice,  and 
which  indicates  faulty  management  somewhere,  came  to  light  re- 
cently when  the  Chicago  Railways  Company  applied  for  a  permit 
to  lay  a  conduit  on  Lincoln  Ave. ;  this,  in  spite  of  the  fact  that  a 
new  pavement  costing  $200,000  has  just  been  laid,  following  the 
reconstruction  of  the  tracks ;  in  fact  the  pavement  is  so  new  that  the 
final  estimate  has  not  been  issued.  It  is  an  absolute  impossibility, 
in  my  opinion,  ever  to  patch  a  block  pavement  and  get  as  good  a 
result  as  the  original. 

Another  bad  feature  in  the  reconstruction  work  has  been  the 
breaking  of  the  welded  joints.  While  it  can  probably  he  demon- 
strated that  the  percentage  of  broken  joints  is  very  small,  still  with 
the  immense  number  of  joints  to  be  considered,  even  a  small  percent- 
age means  quite  a  large  number  of  broken  joints,  and  every  broken 
joint  means  a  hole  in  the  pavement  to  start  the  disintegration.     Is 
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it  not  a  question  whether  the  old  method  of  welding  joints  (that 
of  pouring  the  molten  metal  around  the  joints)  is  not  superior  to 
the  method  now  in  use?  While  here  in  Chicago  our  experience 
with  that  old  way  was  limited,  still  there  were  practically  no  broken 
joints,  while  now  there  are  many. 

As  before  stated,  I  do  not  wish  to  criticize  the  Board  of  Super- 
vising Engineers  for  neglect  of  details — details  which  should  have 
been  met  and  worked  out  by  subordinates — but  such  matters  as  the 
clearance  between  cars  and  the  height  of  the  car  step  about  the 
street  pavement  are  of  such  moment  that  it  would  seem  they  could 
and  should  have  been  satisfactorily  settled  before  starting  the  work. 
The  "death  strip"  is  an  appropriate  name  for  the  space  left  between 
passing  cars  under  present  plans.  We  must  admit,  however,  that 
even  with  an  ideal  arrangement  and  operation  of  any  railway  sys- 
tem, some  accidental  fatalities  must  inevitably  occur. 

The  selection  of  dimensions  which  left  so  small  a  clearance  be- 
tween cars  was  a  mistake,  and  one  which  involves  the  responsibility 
for  great  loss  of  human  life,  and  yet,  what  will  be  the  result  of  a 
change  at  the  present  time  as  advocated  by  the  Chief  Engineer  of 
the  Board  (see  the  "Chicago  Record-Herald"  of  June  15th,  1909), 
who  claims  to  have  been  overruled  when  he  originally  recommended 
a  greater  clearance?  It  has  been  argued  in  this  connection  that 
people  once  knowing  that  there  was  no  escape  for  him  who  was 
caught  between  cars  would  keep  the  fact  in  mind  and  guard  against 
such  danger.  If,  now  as  the  reconstruction  work  is  over  half  done, 
a  change  is  made,  how  confusing  it  will  be  for  one  not  yet  versed  in 
mathematics  to  figure  his  chances  of  life  in  an  emergency  when 
he  remembers  that  in  some  places  there  are  but  eight  and  one-half 
inches,  while  in  others  there  are  twenty  inches  between  cars.  Again, 
the  special  work  which  must  be  all  or  nearly  all  ordered,  would  be 
a  source  of  annoyance,  to  say  nothing  of  expense,  and  while  it  may 
have  been  satisfactorily  demonstrated  to  the.  Board  of  Supervising 
Engineers  that  a  rail  with  its  base  embedded  two  inches  deep  in 
concrete  can  be  removed  easily  and  replaced  by  a  new  rail  I  am 
very  skeptical  about  the  practicability  or  economy  of  trimming  out 
a  new  bed  for  the  rails  in  the  "permanent  concrete  substructure," 
when  it  is  desired  to  put  new  rails  in  a  different  location  for  the 
old  ones. 

In  closing,  I  wish  to  thank  my  friend  and  colleague,  Mr.  William 
W.  Marr.  M.  Am.  Soc.  C.  E.,  for  many  suggestions  in  connection 
with  this  discussion  and  for  the  photographs  which  illustrate  the 
text. 

E.  N.  Lay  field,  m.w.s.e.  :  I  think  it  might  be  interesting  if  some 
one  would  tell  us  something  about  the  electric  welding  process. 

R.  F.  Kelker,  Jr.,  m.w.s.e.:  We  obtain  the  electric  power  for 
welding  from  the  trolley  wire  at  about  500  volts  D.  C.  and  trans- 
form it  to  about  300  volts  A.  C,  by  means  of  a  rotary  converter  in 
one  of  the  welding  cars,  and  this  alternating  current  is  conveyed 

See  Fig.  17,  Page  589,  for  illustration. 
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to  a  second  transformer  placed  in  the  center  of  the  welding  jaws, 
which  again  steps  down  the  voltage,  until  we  have  about  5  volts, 
with  the  amperage  running  above  30,000.  A  bar  is  placed  on  either 
side  of  the  rail  web  and  they  are  joined  to  the  web  by  these  electric 
welds.  The  first  weld,  which  is  made  at  the  junction  of  the  rails, 
(the  joint  having  previously  been  shimmed  tightly)  is  an  ellipse 
in  shape,  and  its  long  axis  is  vertical.  The  object  of  making  the 
first  weld  at  the  center  is  to  get  the  maximum  elongation  of  the 
bars  through  heat,  and  then,  after  the  end  welds  are  made,  and  the 
bars  become  cool,  a  contraction  takes  place,  which  gives  a  pull  at  the 
joint,  draws  the  rail  ends  together,  and  gives  the  effect  of  a  clamp. 
In  making  each  weld,  after  the  proper  temperature  is  had,  which  is 
determined  by  the  eye  of  the  foreman,  pressure  is  applied  by  means 
of  an  hydraulic  jack  set  in  the  welder  jaws,  and  the  weld  is  com- 
pressed in  order  to  work  the  metal,  and  obtain  a  better  grain  than 
would  result  from  the  simple  application  of  heat. 

Mr.  Green,  in  his  discussion,  remarked  that  the  percentage  of 
failures  of  joints  was  probably  higher  than  that  due  to  the  older 
form  of  welding,  or  the  cast  weld.  If  I  am  correctly  informed,  I 
think  Chicago,  Milwaukee,  and  Minneapolis  have  had  the  greatest 
success  with  cast  welding  of  any  cities.  In  the  East  cast  welding 
was  tried  at  various  times  but  not  with  great  success,  owing  to  two 
facts :  First,  the  slipping  of  one  of  the  rails  in  the  body  of  the 
metal  cast  around  the  joint,  and  second,  the  pounding  of  the  head 
of  the  rail  under  traffic  either  at  the  joint  itself  or  immediately  ad- 
jacent at  the  end  of  the  cast  weld  itself,  which  results  in  poor  sur- 
face. Although  I  might  be  criticized  for  saying  so,  I  believe  electric 
welding  is  superior  to  cast  welding,  particularly  when  applied  on 
rails  of  7  in.  or  more  in  height ;  the  Standard  Chicago  rail,  described 
by  Mr.  Weston,  is  9  in.  in  height. 

Mr.  Lay  field :  I  would  ask  whether  any  distinction  is  made  in 
the  welding  process  due  to  the  temperature  of  the  atmosphere.  In 
splicing  rails  for  steam  railroad,  where  they  are  not  welded,  a 
greater  space  is  left  at  the  joints  in  cold  weather  than  in  hot  weather. 
The  welded  rails,  if  laid  in  hot  weather,  would  have  a  greater  tem- 
perature stress  in  cold  weather  than  if  they  were  laid  in  cold 
weather.  Is  this  recognized  in  the  welding  process,  or  is  the  process 
exactly  the  same,  regardless  of  temperature  of  the  atmosphere, 

Mr.  Kelker:  In  the  comparison  of  surface  tracks  with  steam 
tracks,  we  have  one  important  fact  to  consider,  and  that  is  the 
amount  of  metal  exposed  to  the  action  of  atmospheric  temperature, 
is  comparatively  small.  The  rail  being  embedded,  we  have  not  the 
hot  rail  we  find  on  a  steam  road.  In  the  work  here  we  have  paid 
no  attention  to  the  expansion  of  the  rails,  knowing  that  the  pave- 
ment and  rail  fastenings  would  keep  the  rails  from  buckling.  One 
thing  I  have  observed  in  regard  to  the  expansion  is  that  the  strains 
in  the  rail  are  apparently  local. 

In  New  York  City,  on  the  underground  electric  railway,  they  had 
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considerable  trouble  in  hot  weather  from  the  movement  of  cast 
welded  rails.  It  has  been  to  such  an  extent  that  it  forced  the  "slot" 
to  close,  in  some  instances,  so  as  to  bind  the  "plow"  or  underground 
trolley  and  stop  operation.  This  would  be  corrected  by  taking  a 
fire  hose  and  wetting  down  the  street  intersection. 

In  New  York  City  the  best  success  with  cast  welding  was  had 
where  the  work  was  done  at  night  and  during  the  cool  season  of  the 
year.  They  have  had  considerable  trouble  with  expansion  joints 
which  their  engineers  believed  necessary  to  use. 

Mr.  Lay  field:  Do  you  conduct  the  work  just  the  same  in  sum- 
mer as  in  winter? 

Mr.  Kelker:  As  no  allowance  is  made  for  expansion  and  con- 
traction, the  matter  of  different  seasons  is  not  considered. 

President  Allen:     How  is  the  joint  assembled  before  welding? 

Mr.  Kelker:  The  rails  are  first  butted  together  and  held  by  tem- 
porary splice  bars  during  construction.  The  first  operation  is  to 
remove  the  temporary  splice  bars  and  then  sand-blast  the  rail  as 
well  as  the  weld  bars  at  the  points  of  contact.  The  bars  are  il/% 
in.  thick,  -$l/2  in.  broad,  and  22  in.  long.  They  are  placed  in  position 
on  small  brass  chucks  which  will  hold  them  to  proper  height  (the 
joint  having  been  shimmed  by  a  thin  section  of  the  rail),  and  the 
welds  are  made  in  the  order  previously  stated.  After  the  welding  is 
completed,  a  grinding  machine  is  used  to  remove  any  inequality 
in  the  head  of  the  rail,  and  brings  it  to  a  true  and  finished  surface. 

There  has  been  considerable  improvement  in  the  manipulation  of 
the  welding  process  since  the  work  began  in  Chicago.  We  had 
more  trouble  the  first  season  than  we  had  expected,  but  we  now 
have  a  better  weld  and  a  marked  decrease  in  the  percentage  of 
breakages.  This  improvement  was  the  result  of  a  series  of 
experiments  made  by  the  contractors. 

President  Allen:  How  do  the  breakages  in  the  electric  weld 
joint,  such  as  you  are  installing  at  the  present  time,  compare  with 
the  best  examples  of  cast  joints? 

Mr.  Kelker:  I  would  say,  off-hand,  that  our  highest  breakage 
has  been  50%  less  than  the  ordinary  breakage  of  cast  welded 
joints.  In  other  words,  if  we  had  5%  breakage  in  electric  welded 
joints,  in  the  same  work  there  would  have  been  10%  or  higher  in 
the  cast  welded  joints. 

President  Allen:     What  length  of  rail  are  you  using? 

Mr.  Kelker :     The  rails  we  are  installing  are  56  and  58  feet  long. 

C.  R.  Dart,  m.w.s.e.  :  It  seems  to  me  that  the  area  of  the  splice 
is  much  less  than  the  area  of  the  rail,  and  I  should  think  there  must 
be  a  variation  in  temperature  of  rails  of  at  least  80  degrees  be- 
tween summer  and  winter,  producing  considerable  stress  on  the 
rails.  It  also  seems  to  me  that  the  area  of  the  weld  is  less  than  the 
area  of  the  spliced  rail. 

Mr.  Kelker:     With  one  or  two  exceptions  no   joints   failed  to 
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show  the  100%  in  conductivity  required,  and  the  majority  showed 
considerably  over  that  amount. 

Mr.  Weston:  The  majority  of  breaks — over  90%  of  them — 
are  outside  of  the  bar  and  the  portion  that  is  welded. 

In  experimenting  with  the  weld  at  the  testing  plant  of  the  Rail 
Joint  Company,  after  the  first  year's  use  of  the  electrically  welded 
joint  in  Chicago,  in  order  to  improve  the  character  of  the  weld, 
there  was  a  great  many  sections  of  rails  welded  and  tested  with 
a  testing  machine,  and  in  almost  every  instance  the  rail  would  break 
outside  of  the  welded  bar,  indicating  that  the  rail  at  the  joint  is 
stronger  than  the  rail  section  itself.  These  tests  also  developed  the 
fact  that  the  use  of  flux  improved  the  joint. 

Mr.  Kclker:  It  is  a  rare  instance  when  you  get  a  break  through 
both  bars. 

Mr.  Saivyer:  Does  it  ever  occur  that  the  weld  itself  breaks — 
that  the  bar  breaks  loose  from  the  rails  ? 

Mr.  Kelker:     I  have  never  known  that  to  happen. 

President  Allen:  From  the  standpoint  of  a  structural  engineer, 
1  think  we  should  find  some  weaknesses  in  the  joint.  I  suppose, 
however,  "the  proof  of  the  pudding  is  in  the  eating."  What  ex- 
periments were  made  to  determine  the  life  of  untreated  timber 
embedded  in  concrete?  Was  that  determined  from  data  at  hand 
or  what  evidence  did  you  have  to  come  to  your  conclusions? 

Mr.  Weston:  I  presume  all  of  the  members  of  the  Board  (I 
know  I  did,  myself)  resorted  to  all  the  literature  they  could  find  on 
the  subject.  We  applied  to  the  Division  of  Forestry  at  Washing- 
ton and  were  flooded  with  literature  on  the  subject  of  treatment  of 
timber  for  the  purpose  of  preservation.  I  think  we  nearly  ex- 
hausted all  the  points  they  had  to  offer.  In  addition  to  that  we  had 
the  aid  and  advice  of  Mr.  Samuel  Rowe,  who  has  spent  years  in 
the  study  of  the  preservation  of  timber,  particularly  in  regard  to 
the  preservation  of  ties  on  steam  railroads ;  also  had  the  advice 
of  Mr.  Octave  Chanute,  who  gave  us  a  long  discussion  of  the  ad- 
vantages, etc.,  of  the  different  'methods  of  preservation  of  tie  tim- 
ber. We  have  in  our  files  a  package  of  literature  leading  up  to  the 
final  conclusions  by  the  Board,  that  I  should  be  very  glad  to  turn 
over  to  anybody  who  wishes  to  go  into  the  subject.  But  I  do  not 
think  it  would  be  wise  to  take  time  this  evening  to  go  further  into 
this  matter. 

We  consider  the  advice  received  from  Mr.  Rowe  and  Mr.  Chanute 
as  important  as  any  we  had  on  the  subject,  and  as  a  result  of  our 
study  and  discussion,  and  the  information  we  have  received  from 
the  gentlemen  referred  to  and  others,  we  concluded,  that  the  chloride 
of  zinc  treatment  was  best  suited  for  our  purposes,  and  would 
preserve  the  ties  against  decay. 

S.  H.  Goodenough :  I  will  make  a  few  comments  on  Mr.  Green's 
criticism  of  the  method  of  installing  special  work.  He  makes  the 
statement  that  two  weeks'  time  is  required  to  allow  the  concrete  to 
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set  sufficiently  to  stand  traffic.  That  is  true  only  of  Type  No.  2 
and  Type  No.  2-A  tracks.  The  special  work  is  all  practically  Type 
No.  3  track  and  is,  to  all  intents  and  purposes,  as  far  as  the  question 
of  track  is  concerned,  a  completed  track  before  the  concrete  is  put 
in  at  all,  the  concrete  merely  serving  to  form  a  foundation  for  the 
paving  and  protect  the  ties  from  moisture.  Of  course  it  doubtless 
helps  the  life  of  the  work  to  have  that  concrete  tamped  well  under 
the  rail,  but  the  prime  object  of  the  concrete  in  this  type  of  track 
is  to  support  the  pavement.  Also  having  traffic  on  that  work 
while  it  is  being  put  in,  serves  the  purpose  of  the  steam  roller  on  the 
straight  track  work,  and  tends  to  settle  the  sub-grade  and  the  bal- 
last prior  to  the  time  the  work  is  finally  closed,  so  we  have  a  chance, 
after  the  traffic  has  been  on  the  work  several  days,  to  give  it  a  final 
lift  and  tamping  before  the  concrete  is  put  in  and  the  street  closed. 
Mr.  Green  suggested  that  the  special  work  should  be  secured  in 
advance  and  put  in  at  the  same  time  as  the  straight  track-work. 
In  a  few  instances  we  tried  that,  and  I  believe  it  was  found  not  to 
work  out  to  any  particular  advantage.  In  the  first  place  the  curves 
which  are  being  placed  are  frequently  almost  indispensable  to  the 
straight  track  construction  gangs  for  the  purpose  of  getting  the 
material  on  the  streets.  If  we  tear  the  curves  up,  we  are  greatly 
hampered  by  the  loss  of  those  curves. 

Mr.  Lay  field :  I  think  it  would  be  of  a  good  deal  of  interest  if 
some  of  the  gentlemen  present  would  give  us  some  information 
in  regard  to  the  progress  of  the  work — for  instance,  how  long  it 
takes  to  complete  a  block,  or  how  great  a  stretch  of  track  can  be 
completed  in  a  certain  number  of  days. 

Mr.  Dart:  I  was  much  impressed  with  the  results  of  the  tests, 
in  view  of  the  great  difficulty  usually  experienced  in  obtaining  true 
steel  castings  of  this  character.  I  would  like  to  inquire  as  to  what 
percentage  of  castings  were  rejected. 

Mr.  Weston :  In  regard  to  the  solid  manganese  castings.  We 
have  had  considerable  trouble  and .  complaint  from  the  "special" 
work  manufacturers  about  making  perfect  castings,  preventing 
warp  and  other  serious  defects  in  casting  the  large  solid  crossings. 
I  will  say,  however,  that  we  have  succeeded  up  to  the  present  time 
in  eventually  receiving  all  the  special  work  layouts  complete  that 
the  manufacturers  have  contracted  to  deliver,  and  they  have  passed 
the  inspection  of  our  representatives  at  the  works.  I  could  not  say 
what  percentage  of  castings  are  rejected,  because  a  large  part  of 
the  rejected  castings  never  reached  our  Inspector.  While  at  one 
factory,  where  a  large  part  of  our  work  has  been  built  they  showed 
us  their  junk  pile,  which  was  largely  made  up  of  manganese  cast- 
ings. Upon  inquiry  we  learned  that  out  of  the  total  number  of  re- 
jected castings,  only  three  or  four  pieces  had  been  put  up  to  our 
Inspector  for  his  inspection.  The  other  pieces  were  no  doubt  re- 
jected beyond  question  and  as  they  came  out  of  the  mould  the  manu- 
facturers decided  that  they  would  not  do  and  threw  them  out  on 
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the  scrap  heap  without  any  hesitation.  These  are  some  of  the  diffi- 
culties that  are  encountered  in  an  endeavor  to  use  the  manganese 
steel  solid  castings.  These  difficulties  I  presume  were  all  appreciated 
by  the  manufacturers  and  largely  anticipated.  While  there  has 
been  some  criticism  of  the  severity  of  our  specifications,  we  have 
had  little  trouble,  and  we  are  getting  our  work. 

President  Allen :  Is  there  any  appreciable  difference  in  the  riding 
qualities  of  Type  No.  I  or  2  track  as  against  Type  No.  3  ?  I  under- 
stand that  Nos.  1  and  2  tracks  are  on  a  solid  concrete  base,  and 
No.  3  track  rests  on  rolled  stone. 

Mr.  Weston  :  Mr.  Fleming  is  the  Chief  Engineer  of  one  of  our 
largest  roads,  and  I  think  if  there  has  been  any  preference  shown 
for  any  one  style  by  the  operating  men,  he  may  have  heard  of  it. 

Mr.  Fleming :  Sometime  ago  we  had  that  question  up  for  discus- 
sion at  one  of  our  meetings.  At  the  conclusion  of  the  discussion 
they  took  a  vote  on  the  question,  which  resulted  in  a  tie,  and  they 
wanted  me  to  decide  it.    That  is  about  where  the  matter  stands. 

Hugo  Schmidt,  m.w.s.e.  :  At  the  time  the  matter  of  joints  was 
being  discussed,  I  wanted  to  ask  whether,  when  breakages  occur 
due  to  expansion  or  contraction,  the  breakage  extends  into  the  con- 
crete? As  I  look  at  it,  the  concrete  adheres  for  the  entire  length 
of  the  rail  to  that  portion  of  the  rail  which  is  embedded  in  it,  and 
any  movement  of  the  rail  at  one  point,  if  there  is  a  break,  must 
affect  in  some  way  or  another,  the  concrete. 

Mr.  Kelker:  We  have  never  known  of  any  such  breaks.  I  do  not 
believe  the  bond  between  the  rail  and  the  concrete  is  sufficient  to 
resist  the  horizontal  movement  of  the  rail.  There  has  been  no  frac- 
ture in  the  concrete  along  with  the  fracture  of  the  rail,  to  my 
knowledge. 

President  Allen:  Mr.  Green  has  raised  a  question  in  regard  to 
the  30  degree  bevel  on  the  edge  of  the  rail  head.  Could  Mr.  Weston 
or  Mr.  Fleming  tell  us  anything  about  that? 

Mr.  Weston :  I  should  judge,  from  Mr.  Green's  remarks,  that 
he  is  interested,  principally,  in  the  question  of  paving,  and,  as  he 
correctly  stated,  paving  is  an  important  question  in  connection  with 
track-work.  But,  as  was  set  forth  in  my  paper,  I  believe  that  the 
subject  of  paving  is  of  sufficient  importance  to  make  it  a  separate 
subject  aside  from  track-work,  and  in  addition  the  pavement  can  be 
macadam,  brick,  creosoted  block,  or  any  of  the  various  types  of 
pavement,  and  not  at  all  affect  the  type  of  track.  That  is  why  the 
subject  of  paving  was  not  taken  up  in  connection  with  this  paper. 

In  regard  to  the  small  bevel  that  has  been  criticised,  I  presume, 
from  Mr.  Green's  point  of  view,  it  is  a  proper  criticism.  The  rail 
was  designed  to  accomplish  two  things :  First,  to  comply  with  the 
requirements  of  the  City  Ordinances,  which  specify  a  grooved  rail. 
In  the  second  place  we  have  endeavored  to  design  the  rail  so  that 
it  would  fill,  as  completely  as  possible,  the  office  for  which  it  is  put 
into  the  street ;  namely,  carry  the  cars  and  afford  a  negative  return 
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for  the  electric  current.  We  also  endeavored  to  design  a  rail  that 
would  give  as  long-  a  life  as  possible  under  the  operating  conditions. 
The  subject  of  the  life  of  a  rail  was  a  question  which  it  was  neces- 
sary to  go  into  quite  thoroughly  at  the  time  of  the  valuation  of  the 
street  railway  properties,  in  connection  with  the  passage  of  the 
Ordinances  of  February  n,  1907,  and  was  discussed  and  argued 
by  three  eminent  engineers — namely,  Messrs.  M.  E.  Cooley,  H.  B. 
de  Pont,  and  B.  J.  Arnold,  who  were  assisted  by  the  minor  lights 
that  were  fortunate  enough  to  have  a  part  in  the  discussion. 

The  life  of  a  rail  was  figured  from  the  following  premise:  that 
a  rail  was  considered  to  be  worn  out  when  the  head  had  been  worn 
down  to  the  point  where  the  flange  of  the  wheel  (which  is  $/%  in.) 
would  bear  on  the  bottom  of  the  groove,  when  a  grooved  rail  was 
used,  or  on  the  wagon  tread  of  the  rail,  when  a  "tram"  rail  was 
used.  And  this  amount  of  wear  was  considered  the  wearing  life 
in  the  valuation  work  of  the  properties.  This  offered  a  definite 
rule  for  actually  measuring  the  rail  depreciation  (neglecting  the 
joint)  instead  of  going  out  on  the  street  and  saying,  "I  guess  this 
is  50%  and  that  25%,"  etc.  The  joint  depreciation  was  treated 
separately.  If  the  rail  was  in  perfect  condition  at  the  joint,  and 
in  every  other  way  perfect,  then  the  depreciation  was  figured  from 
the  amount  of  wearing  life  left  in  the  rail,  which  was  the  amount 
that  was  left  after  deducting  %  in.  from  the  total  height  of  the 
head,  measured  from  the  bottom  of  the  groove  or  from  the  tram. 

In  designing  this  new  rail,  we  endeavored  to  get  as  much  wearing 
life  as  we  could  in  the  head,  and  at  the  same  time  have  a  rail  that 
would  be  practical,  as  far  as  the  depth  of  the  groove  was  concerned 
and  other  conditions  that  would  affect  the  ordinary  vehicular  traffic 
on  the  street.  Consequently  the  height  of  the  head  is  1^/4  in.  from 
the  bottom  of  the  groove  to  the  top  of  the  rail,  which,  I  might  say, 
corresponds  to  the  average  height  of  all  the  modern  street  railroad 
rails  which  have  been  designated,  rolled,  and  are  in  use  today. 

In  regard  to  the  small  bevel  on  the  back  of  the  rail  which  has 
been  criticised,  I  will  say  that,  from  Mr.  Green's  point  of  view, 
his  criticism  is  probably  well  taken,  but  our  plan  does  not  show  the 
pavement  outside  of  the  rail  to  be  above  the  bevel  and  if  the  pave- 
ment is  placed  as  directed,  no  groove  would  exist  to  collect  water. 
One  reason  for  having  the  head  of  the  rail  a  little  above  the  pave- 
ment was  to  create  a  condition  that  would  as  much  as  possible  keep 
the  head  of  the  rail  clean.  In  connection  with  electric  operation,  it 
is  very  important  to  have  a  clean  rail.  Another  reason  is  that  the 
brow  pavement  very  often  comes  up.  A  slightly  raised  rail  prevents 
the  wheel  tread  from  coming  in  contact  with  the  brow  paving 
which,  through   frost  and  other  conditions,  is  lifted  up. 

In  designing  this  rail  we  used  all  the  knowledge  and  applied  all 
the  science  that  we  could  command  in  connection  with  the  subject, 
and  I  believe,  for  a  grooved  type  of  rail,  the  design  adopted  is  a 
good  one. 
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There  is  another  point  about  raising  the  rail  up  that  I  might 
mention.  A  study  of  the  question  will  show  that  the  groove  guard 
is  a  little  below  the  top  or  head,  of  the  present  rail.  We  kept  the 
rail  up  a  little  so  that  the  average  of  the  rail  and  the  pavement  and 
all  the  street  conditions  would  be  practically  level  as  the  head  wears 
away. 

In  regard  to  the  failure  of  the  pavement  along  the  rail,  and  Mr. 
Green's  statement  that  it  might  be  seen  on  nearly  every  street,  ex- 
aggerates the  facts.  Failures  have  occurred  in  a  number  of  instances, 
but  the  great  majority  of  pavement  has  stood  up.  Our  specifica- 
tion for  the  character  of  the  block,  the  manufacture,  the  parallel 
sides,  and  everything  that  pertains  to  procure  a  perfect  paving- 
block  is  an  exact  copy  of  the  City's  specification,  issued  by  the 
Board  of  Local  Improvements,  (except  that  there  is  a  little  varia- 
tion in  the  width  and  length)  even  to  the  chemical  analysis  for  the 
paving  pitch.  This  was  done  to  insure  the  pavement  in  the  tracks 
being  equally  as  good  as  the  pavement  laid  by  the  City.  In  endeav- 
oring to  get  the  blocks  manufactured,  we  found  that  it  was  a  diffi- 
cult thing  to  conform  to  the  specifications,  and  I  think  Mr.  Green 
will  agree  with  me  that  it  is  an  utter  impossibility  to  live  up  to 
specifications  as  regards  manufacture  of  paving  blocks. 

We  put  Inspectors  in  the  field  at  the  quarries  and  we  believe  we 
are  getting  the  best  blocks  that  are  manufactured.  I  do  not  think 
the  city  inspects  its  blocks  before  delivery.  We  found  it  necessary 
to  determine  what  would  be  a  reasonable  interpretation  of  the  speci- 
fications of  the  City,  covering  the  manufacture  of  granite  blocks. 
We  could  not  get  paving  blocks  if  we  demanded  exactly  parallel 
facing,  and  were  obliged  to  allow  an  undercut  to  the  stone.  The 
City  is  getting  exactly  the  same  kind  of  stone,  or  worse  as  they 
do  not  inspect  it  at  the  quarry.  We  lay  our  paving  as  well  as  it  can 
be  laid,  but  we  find  this — that  it  is  impossible,  with  the  character  of 
stone  and  specification  requirement  for  laying  the  stone,  to  sweep 
the  joints  full  of  gravel  or  otherwise  to  fill  the  voids  with  hot  pitch. 
There  is  a  void  left  in  the  stone  not  filled,  and  the  result  is  water 
gets  underneath  the  block  and  the  vibration  causes  the  sand  and 
water  to  churn  up,  when  little  bubbles  of  air  will  be  observed.  Mr. 
Green  can  see  the  operations  on  Wabash  Avenue,  removing  the 
brow  in  places  where  this  condition  exists,  and  we  are  endeavoring 
to  correct  it  by  placing  the  brow  stone  on  cement  grout  instead  of 
sand.  In  place  of  pouring  tar,  as  provided  by  the  City  specifications, 
we  are  using  Portland  cement  grout  to  fill  the  voids,  and  I  believe 
that  if  we  were  permitted  to  do  it,  although  the  ordinance  specifies 
tar,  we  should  be  very  glad  to  use  a  cement  grout  for  all  our  pave- 
ment instead  of  tar. 

Mr.  Green :  It  is  that  outside  grout  pavement,  it  seems  to  me, 
which  is  the  most  serious  objection  to  the  paving.  That  is  where  I 
claim  it  would  be  better  to  use  the  tar  or  asphalt. 

Mr.  Weston :     The  result  of  our  observation  has  been  that  where 
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we  have  set  the  brow  block  in  the  cement,  in  the  I  :2  13  sand,  and 
have  grout  or  brow  on  the  outside,  it  stands,  but  where  we  have 
not  done  that,  we  have  failed.  Mr.  Green's  suggestion  to  use  asphalt 
cement  instead  of  tar  or  grout  may  have  merit  and  will  be  con- 
sidered. But  as  I  said  a  few  moments  ago,  I  do  not  believe  it 
would  be  well  for  me  to  discuss  here,  in  advance,  a  subject  that  is 
to  come  up  before  the  Board. 

I  agree  heartily  with  Mr.  Green  that  asphalt  pavement  has  no 
place  in  a  street  where  there  are  to  be  street  car  tracks. 

In  regard  to  the  "special"  work,  Mr.  Goodenough  mentioned  the 
practical  points  in  connection  with  the  disadvantages  of  endeavoring 
to  place  the  special  work  along  with  straight  track  work ;  it  is  prac- 
tically impossible,  for  considering  the  magnitude  of  the  work,  we 
would  never  get  done. 

Mr.  Green  made,  the  criticism  that  we  have  not  the  plans  ready 
and  the  special  work  all  on  the  ground  in  advance.  I  wish  to  say 
that  we  have  been  delayed,  probably,  more  by  the  Board  of  Local 
Improvements  in  connection  with  the  matter,  than  any  other  source, 
for  the  reason  that  we  wish  to  work  with  them.  It  is  likely  they 
have  acted  with  us  as  promptly  as  they  could,  but  it  is  necessary  for 
us  to  conduct  the  rehabilitation  of  our  tracks  in  the  streets  at  the 
same  time  they  are  carrying  on  their  paving.  For  instance,  we 
would  decide  that  we  would  start  first  on  such  and  such  a  street. 
This  schedule  has  been  made  up  in  January  and  February.  We 
could  not  survey  our  special  work  until  we  knew  what  tracks  were 
to  be  rehabilitated,  and  we  could  not  make  our  plans  until  we  had 
all  the  information. 

In  regard  to  the  criticism  about  the  centering  between  tracks, 
that  is  another  question  which  I  do  not  care  to  discuss  just  now. 
I  will  say,  however,  that  the  present  center  between  tracks  is  the 
standard  of  the  Board,  as  agreed  upon  unanimously  in  the  begin- 
ning of  this  work.  There  have  been  differences  of  opinion  that  have 
arisen  since,  and  the  subject  is  now  under  discussion. 

I  am  glad  that  Mr.  Green  made  his  criticisms  for  that  is  the  object 
of  this  paper. 

Mr.  Gableman :  I  want  to  correct  one  statement  that  Mr.  Weston 
made  in  regard  to  being  delayed  by  the  Board  of  Local  Improve- 
ments, I  think  he  is  mistaken  in  that. 

Mr.  Weston :  My  statement  about  delay  refers  to  our  waiting 
for  information  from  the  Board  of  Local  Improvements  regarding 
the  streets  they  intend  to  pave,  and  after  receiving  this  information, 
we  endeavor  to  make  our  rehabilitation  program  fit  the  Board  of 
Local  Improvement's  schedule.  I  will  ask  Mr.  Fleming  to  say 
something  along  this  line. 

Mr.  Fleming :  It  is  our  aim,  in  conducting  the  work  of  rehabili- 
tation, to  cooperate  with  the  Board  of  Local  Improvements,  and  I 
think  that  on  the  South  Side  we  have  been  able  to  get  our  work 
done  sufficiently  in  advance  to  permit  the  contractors  to  go  ahead 
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with  their  contracts  without  any  delay.  There  are  several  streets 
which  this  Board  has  asked  us  to  do  two  years  ago  on  which  we 
completed  our  work  as  per  request.  The  contractors  have  not 
started  yet.  I  think  Mr.  Green  will  bear  witness  that  the  Chicago 
Railways  Company  has  kept  ahead  of  the  Board  of  Local  Improve- 
ments, and  that  we  have  now  more  streets  finished  on  the  South 
Side  than  we  were  expected  to  do  this  year. 

Mr.  Ritchie :  I  notice  that  the  Board  of  Supervising  Engineers 
decided  in  favor  of  wood  ties,  in  tracks  2  and  3,  and  steel  ties  in 
track  1.  It  seems  that  later  on  they  were  troubled  about  the  deflec- 
tion, and  they  found  that  the  deflection  was  something  like  1/16  in. 
I  do  not  see  the  advantage  of  using  wood  ties  under  those  cir- 
cumstances. 

Mr.  Weston :  I  do  not  see  any  particular  connection  between 
the  deflection  in  the  track  and  the  cushion  effect.  Wood  we  know 
has  the  ability  to  absord  shock,  but  I  do  not  think  one  need  neces- 
sarily follow  the  other.  For  instance,  with  the  steel  tie,  where  you 
would  not  expect  any  cushion  effect,  you  might  have  a  deflection 
of  the  track.  I  do  not  wish  to  combine  the  two.  One  thing  we 
wish  to  avoid  is  deflection. 

Mr.  Green :  On  the  No.  3  type  of  track,  what  is  the  use  of  put- 
ting in  concrete  at  all?  In  other  words,  why  should  not  crushed 
stone  be  better  than  concrete? 

Mr.  Weston :  We  put  the  concrete  in  between  the  ties  and  on  top 
as  a  foundation  for  the  paving,  for  the  reason  that  the  use  of  a  little 
cement  and  sand  is  a  good  thing.  That  is  why  we  put  it  in,  simply 
to  make  a  paving  foundation.  We  do  not  depend  on  that  for  the 
life  of  our  track  at  all. 

Mr.  Kelker:  In  regard  to  the  progress  of  the  work — ordinarily 
one  gang  laid  one-half  mile  of  track  a  week.  We  are  now  laying 
a  little  more  than  three  and  one-half  miles  per  week  on  the  North 
and  West  Side  properties. 
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SEVENTEENTH  NATIONAL  IRRIGATION  CONGRESS 

"Spokane,  Washington,  June  2,   1909. 
Western  Society  of  Engineers,  Chicago,  III. 

Gentlemen  :  The  seventeenth  National  Irrigation  Congress 
meets  in  Spokane  August  9-14  next,  for  the  consideration  of  and 
action  on  irrigation,  drainage,  forestry,  deep  waterways,  good  roads, 
and  home-building. 

The  conservation  of  our  natural  resources  is  the  most  impor- 
tant question  before  the  American  people  today.  Of  the  National 
Irrigation  Congress,  Theodore  Roosevelt  said:  This  Congress  un- 
doubtedly is  one  of  the  most  important  unofficial  bodies  in  the  coun- 
try.' It  is  of  as  great  importance  to  the  people  of  your  state  as  to 
any  other. 

It  is  our  earnest  desire  that  you  be  here  to  take  part  in  our  de- 
liberations, and  carry  back  to  your  people  the  messages  of  impor- 
tance which  the  National  Irrigation  Congress  will  have  for  them. 
It  gives  us  great  pleasure,  on  behalf  of  the  Board  of  Control,  to 
extend  to  you.  and  through  you  to  the  members  of  your  staff,  a 
most  cordial  invitation  to  attend  the  seventeenth  National  Irriga- 
tion Congress. 

We  will  feel  highly  honored  by  the  presence  of  yourself  and 
other  representatives  of  your  publication.  Will  you  kindly  advise 
us  at  your  earliest  convenience  of  your  acceptance  of  this  invita- 

Respectfully, 

(Signed)     Arthur  Hooker, 
Secretary,  Board  of  Control,  National  Irrigation  Congress." 

Spokane,  Washington,  June .  Regarding  the  impor- 
tance of  the  work  of  the  National  Irrigation  Congress,  which  will 
have  its  seventeenth  session  in  Spokane,  August  9-14,  R.  Insinger, 
Chairman  of  the  Board  of  Control,  says : 

"The  National  reclamation  act  was  passed  in  1902.  At  that  time 
there  were  in  the  government's  name,  in  the  sixteen  states  affected, 
600,000,000  acres  of  arid  land,  of  which  it  was  estimated  possible 
to  reclaim  sufficient  to  support  50,000,000  people.  By  191 1  the  Re- 
clamation Service  will  have  reclaimed  nearly  2,000,000  acres  at  an 
estimated  cost  of  $70,000,000.  There  are  40,000,000  acres  of  arid 
lands  susceptible  to  reclamation  by  irrigation.  The  construction 
cost  of  the  reclamation  works  is  returned  to  the  government  from 
the  sale  of  land,  the  proceeds  to  be  again  used  in  furthering  irriga- 
tion development.  Irrigation  is  making  a  garden  spot  and  an  empire 
of  the  'Great  American  Desert,'  and  the  work  of  the  irrigation  con- 
gress is  yet  in  its  infancy. 

"George  E.  Barstow,  of  Barstow,  Texas,  is  president  of  the  con- 
gress ;  B.  A.  Fowler,  Phoenix,  Arizona,  secretary ;  R.  Insinger,  Spo- 
kane, chairman  of  the  Board  of  Control ;  and  Arthur  Hooker,  Spo- 
kane, secretary  of  the  Board  of  Control." 
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"Chicago,  June  7,  1909. 
Mr.  Arthur  Hooker,  Secy,  Board  of  Control,  National  Irrigation 
Congress,  Spokane,  Wash. 
Dear  Sir:     Accept  our  thanks  for  your  notice  of  the  seventeenth 
National  Irrigation  Congress,  to  be  held  in  Spokane  in  August. 

This  will  be  laid  before  the  Board  of  Direction  of  this  Society  at 
their  next  meeting.  If  we  can  do  so,  a  delegate  will  be  appointed  to 
represent  this  Society  at  your  Congress. 

With  thanks  for  your  courtesy,  I  am         Very  truly  yours, 

(Signed)   J.  H.  Warder,  Secretary." 

"Chicago,  Illinois,  August  2,  1909. 
Mr.  Geo.  L.  Sawyer,  Northwestern  Engineering  Corporation,  Lin- 
dell  Block,  Spokane,  Wash. 
Dear  Sir  :  The  Western  Society  of  Engineers  has  been  invited 
by  the  secretary  of  the  Board  of  Control  of  the  National  Irrigation 
Congress,  which  meets  in  Spokane  August  9-14  inclusive,  to  be  rep- 
resented at  that  Congress.  The  president  of  this  Society,  Mr.  An- 
drews Allen,  desires  me  to  invite  you  to  act  as  such  representative. 
We  earnestly  hope  that  your  business  engagements  will  permit  you 
to  accept  this  appointment,  and  that  we  may  have  a  reply  from  you 
at  your  early  convenience  to  that  effect. 

Trusting  that  I  may  hear  from  you  in  the  very  near  future  I  re- 
main Very  truly  yours, 

(Signed)   J.  H.  Warder,  Secretary." 

"Spokane,  Washington,  August  5,  1909. 
Western  Society  of  Engineers,  Chicago,  Illinois. 

Gentlemen  :  Replying  to  your  kind  favor  of  the  2nd,  I  would 
say  that  I  shall  be  only  too  pleased  to  act  as  the  representative  or 
delegate  of  the  Western  Society  of  Engineers  at  the  National  Irri- 
gation Congress  to  be  held  in  this  city.  While  I  am  not  informed 
in  detail  as  to  the  organization  of  the  congress,  yet  I  believe  that  the 
Western  Society  of  Engineers  will  be  entitled  to  a  certain  number 
of  delegates  and  votes.  If  I  can  be  of  any  service  to  the  'Western 
Society*  in  this  matter,  or  in  any  other  matter,  you  may  be  sure  that 
the  service  will  be  only  too  gladly  rendered. 

With  best  wishes  for  the  society,  I  am         Very  truly  yours, 

(Signed)  Geo.  L.  Sawyer." 

"Chicago,  August  9,  1909. 
Mr.  George  L.  Sawyer,  410  Lindclle  Block,  Spokane,  Wash. 

Dear  Sir  :     Your  letter  of  August  5th  received  this  morning.     I 
have  sent  the  following  telegrams  which  I  hope  will  be  delivered 
promptly : 
'George  L..  Sawyer,  Spokane,  Wash. 

Thanks  for  letter.  Have  wired  Secretary  Hooker,  of  Irrigation 
Congress,  that  you  will  represent  the  Western  Society  of  Engineers/ 
'Arthur  Hooker,  Sec'y,  Board  of  Control,  Spokane,  Wash. 

The  Western  Society  of  Engineers,  Chicago,  will  be  represented 
at  your  congress  by  George  L.  Sawyer,  of  Spokane.' 
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When  the  congress  has  adjourned,  will  you  kindly  make  a  report 
to  this  society  as  to  what  was  done,  etc.  Also  please  return  the  pa- 
pers sent  you  in  our  letter  of  August  2nd. 

With  thanks  for  your  services  in  this  matter,  I  am 

Very  truly  yours, 
(Signed)   J.  H.  Warder,  Secretary." 

"Spokane,  Washington,  August  18,  1909. 
Western  Society  of  Engineers,   1735  Monadnock  Block,  Chicago, 
Illinois. 

Gentlemen  :  In  compliance  with  the  request  of  the  secretary, 
I  accepted  your  appointment  as  delegate  to  the  seventeenth  National 
Irrigation  Congress,  which  was  held  in  the  city  of  Spokane  from 
August  9th  to  13th  inclusive,  and  in  accepting  that  appointment  I 
had  assumed  that  I  would  be  able  to  attend  most  of  the  sessions. 
Unfortunately  I  was  called  from  the  city  for  the  first  three  and  a 
half  days  of  the  convention,  so  that  I  was  in  attendance  but  a  day 
and  a  half. 

While  it  would  naturally  be  assumed  that  the  congress  was  called 
primarily  for  the  purpose  of  considering  irrigation  and  kindred  sub- 
jects, yet  the  convention  soon  resolved  itself  into  a  controversy  be- 
tween the  supporters  of  Secretary  of  the  Interior,  Richard  A.  Bal- 
linger,  and  the  supporters  of  United  States  Forester,  Gifford  Pin- 
chot.  There  is  undoubtedly  plenty  of  room  for  argument  on  either 
side,  at  the  same  time  the  majority  of  the  delegates  are  more  in- 
terested in  the  smaller  problems  which  are  presented  in  the  develop- 
ment of  the  resources  of  the  West.  Similar  controversies  occur 
every  year,  but  thus  far  the  people  of  the  West  have  not  derived  any 
great  benefits  from  the  discussions  themselves. 

Reports  from  the  arid  states,  and  especially  from  Idaho,  showed 
a  most  remarkable  development.  Since  the  passage  of  the  Carey  Act 
over  ten  years  ago,  southern  Idaho  has  witnessed  a  development 
through  reclamation  that  is  second  to  no  other  state.  The  govern- 
ment reclamation  service  reported  the  expenditure  of  $50,000,000 
throughout  the  West,  since  the  creation  of  that  department.  While 
many  were  inclined  to  criticise  the  reclamation  service  for  having 
distributed  this  large  sum  over  too  large  a  field,  yet  they  are  already 
beginning  to  show  the  returns. 

The  consideration  of  waterways  was  one  of  the  most  interesting 
topics  before  the  congress,  for  it  was  evident,  from  the  addresses 
and  discussions,  that  this  feature  of  the  development  of  our  country 
has  received  but  a  small  part  of  the  deliberation  that  it  deserves.  All 
of  the  speakers  on  this  subject  urged  the  active  cooperation  of  all  in 
an  effort  to  thoroughly  arouse  the  national  government  to  make  the 
necessary  appropriations  for  the  opening  to  navigation  of  the  large 
waterways,  and  I  believe  that  the  most  urgent  plea  that  the  Irriga- 
tion Congress  would  make   to  the  Western   Society  of  Engineers. 
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would  be  that  the  latter  use  all  the  influence  that  they  can  command, 
both  as  a  society  and  as  individuals,  to  "boost"  for  the  "open-river." 

The  eighteenth  National  Irrigation  Congress  is  to  be  held  in 
Pueblo,  Colorado,  and  it  is  hoped  that  every  member  of  the  West- 
ern Society  of  Engineers  who  can  attend  will  be  on  hand.  As  soon 
as  the  proceedings  of  the  last  congress  are  published,  I  will  send 
copies  to  the  society. 

With  best  wishes  for  the  society,  and  thanking  you  for  the  honor 
you  conferred  upon  me,  I  am  Very  truly  yours, 

(Signed)  Geo.  L.  Sawyer." 


THE  RENSSELAER  POLYTECHNIC  INSTITUTE 

Of  interest  to  many  members  of  the  Western  Society  of  Engineers, 
is  the  occasion  of  the  formal  opening  of  the  Russell  Sage  Labora- 
tory of  the  Rensselaer  Polytechnic  Institute  which  took  place  in 
Troy,  New  York,  on  June  15th,  1909. 

This  Institution,  the  oldest  of  American  Engineering  Schools, 
was  founded  by  Stephen  van  Rensselaer  in  1823,  and  until  1905,  had 
been  maintained  practically  by  the  tuition  fees  of  the  students,  and 
occasional  help  from  loyal  graduates  and  the  citizens  of  Troy.  In 
that  year  loss,  by  fire,  of  the  main  building  of  the  Institute,  threat- 
ened discontinuation  of  the  school,  as  the  Institute  had  long  felt 
keenly  the  competition  of  the  larger  and  more  completely  endowed 
and  equipped  technical  colleges. 

When  this  fact  became  known,  the  alumni  and  the  residents  of 
Troy  succeeded  in  raising  a  sum,  which,  with  the  insurance  money, 
made  possible  the  purchase  of  new  grounds,  and  the  building  of  a 
chemical  and  assaying  laboratory.  It  remained,  however,  for  Cap- 
tain R.  W.  Hunt  member  of  the  Western  Society  of  Engineers,  who 
has  always  taken  a  great  interest  in  Rensselaer,  to  secure  from 
Andrew  Carnegie  a  donation  sufficient  to  erect  a  large  and  fully 
equipped  building  for  general  instruction.  This  assistance  enabled 
the  Institute  to  more  than  regain  its  former  prestige,  and  then  came 
the  gift  of  one  million  dollars  from  Mrs.  Russell  Sage,  which  is 
noteworthy  among  endowments  and  gifts  to  educational  institutions 
from  the  fact  that  absolutely  no  conditions  were  attached  to  it. 

Mr.  Sage  was  a  member  of  the  board  of  trustees  of  the  Institute 
for  some  years,  and  his  nephew,  Russell  Sage  II,  was  graduated 
from  there  in  1859. 

A  portion  of  Mrs.  Sage's  gift  has  been  expended  in  the  construc- 
tion of  a  complete  physical  and  chemical  laboratory,  which  bears 
Mr.  Sage's  name,  the  remainder  put  into  an  endowment  fund  for  its 
support,  and  has  been  the  means  of  adding  to  the  curriculum  two 
courses,  leading  respectively  to  the  degrees  of  Mechanical  and  Elec- 
trical Engineering. 

Thus  it  is  that  "Old  Rensselaer"  again  takes  rank  among  the  fore- 
most Engineering  Schools  of  America.  G.  T.  H. 
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PROCEEDINGS  OF  THE  SOCIETY 

MINUTES  OF  THE  MEETINGS 
Regular  Meeting,  September  1,  1909. 

A  regular  meeting  of  the  Society  (No.  668)  was  held  Wednesday  evening, 

September  1,  1909. 

The  meeting  was  called  to  order  at  8:20  P.  M.  with  President  Allen  in  the 

chair,  and  about  80  members  and  guests  present.    The  minutes  of  the  meetings 

held  June  2d  and  June  16th  were  read  and  approved. 

The  Secretary  reported  from  the  Board  of  Direction  the  election  into  the 

Society  of  the  following,  at  the  meeting  of  July  1  : 

Howard  M.  Raymond,  Chicago Active 

Bernard  R.  McBride,  Madison,  Wis Junior 

Tom  R.  Wyles,  Chicago Associate 

Fred  A.  Sager,  Chicago Active 

W.    A.   Dorcas,   Chicago    Associate 

Albert    E.    Clearman,    Chicago Active 

Frank  A.   Newton,  Madison,  Wis Junior 

J.  H.   Heuser,   Chicago    Active 

Samuel    T.    Smetters,    Chicago Active 

At  the  meeting  of  August  3rd : 

William  A.   Bennett,  Chicago   Active 

George  E.    Pfisterer,   Chicago    Junior 

George  Schobinger,  Chicago    Junior 

Paul   Hodges,   Monroe,   Wis Junior 

At  the  meeting  of  August  31st: 

No.  42.     Rudolph  G.  Rosenbach,   Chicago Active 

57.     Lawrence  N.  Jackson,   Greenville,   Ohio Active 

The  Secretary  presented  the  following  petition  for  the  first  reading: 
To  the  Membership  of  the  Western  Society  of  Engineers: 

With  the  object  of  improving  and  making  clear  certain  parts  of  the  Consti- 
tution and  By-Laws  of  the  Society,  some  amendments  have  been  prepared 
by  the  Committee  on  Amendments.  These  were  submitted  to  the  Board  of 
Direction  at  its  meeting  held  August  31st  and  were  approved,  and  are  now 
presented  to  the  Society  in  due  form  by  petition,  as  provided  for  in  the  Consti- 
tution and  By-Laws. 

The  object  of  the  amendments  to  the  Constitution,  Article  V,  and  to  the 
By-Laws,  Articles  I,  II,  and  III,  is  to  have  more  time  between  the  close  of 
the  year  and  the  Annual  Meeting  and  to  give  some  days'  interval  between  the 
election  of  the  new  officers  and  the  Annual  Meeting  when  they  assume  office, 
and  to  provide  for  a  regular  meeting  of  the  Board  of  Direction  for  finishing 
the  business  of  the  past  year  and  receiving  the  election  returns. 

The  object  of  the  amendments  to  Article  VI  of  the  By-Laws  is  to  confirm, 
as  a  part  of  our  organic  law,  the  practice  of  the  Board  of  Direction,  during 
recent  years,  of  remitting  dues  of  members  of  over  thirty  (30)  years  standing. 

AMENDMENT  TO  THE  CONSTITUTION. 
Article  V. 

ANNUAL    MEETINGS. 

Section  1.  The  Annual  meeting  shall  be  held  on  the  first  Wednesday 
after  the  first  Thursday  in  January,  at  which  the  results  of  the  election  of 
Officers  of  the  Society  shall  be  announced,  the  Annual  Reports  received,  and 
other  business  may  be  transacted. 
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AMENDMENTS  TO   THE  BY-LAWS. 
Article  I. 
Section  I.     Omit  everything  after  the  word  "quorum"  so  that  the  Section 
shall  read   "At  the  Annual   Meeting  of  the   Society  twenty-five    (25)    Active 
members  shall  constitute  a  quorum." 

Article  II. 

Section  8.  Substitute  "three  (3)  weeks"  for  "ten  (10)  days"  where  it 
occurs  in  the  first  line  of  this  Section. 

Section  10.  Substitute  "the  Friday  next  before"  in  place  of  "the  day  of," 
where  these  words  occur  in  the  first  line  of  this  Section. 

Section  12.  Substitute  "presented  to  the  Board  of  Direction"  for  "handed 
to  the  President,"  where  this  word  occurs  in  the  last  line  of  this  Section. 

Article  III. 
Section  2.     Add  the  following  paragraph  after  the  fourth  paragraph  of  this 
Article :  "The  Board  of  Direction  shall  meet  on  the  day  fixed  for  closing  of 
the  polls,  to  receive  and  canvass  the  report  of  the  Judges  of  Election  and  to 
transact  such  other  business  as  may  come  before  it." 

Article  VI. 

Section  7.  Substitute  for  the  entire  Section :  "The  Board  of  Direction 
may,  for  good  reason  assigned,  temporarily  excuse  any  member  from  pay- 
ment of  annual  dues,  and  said  Board  may  remit  the  whole  or  part  of  dues  in 
arrears  or  accept  in  lieu  thereof  desirable  additions  to  the  property  of  the 
Society." 

Section  8.  Substitute  for  the  entire  Section :  "Every  person  admitted 
to  the  Society*  shall  be  considered  a  member  thereof  and  shall  be  liable  for 
the  payment  of  all  dues  except  he  shall  have  resigned,  been  expelled,  or  have 
been  relieved  from  payment  of  said  dues  by  the  Board  of  Direction  or  by  the 
provisions  of  these  By-Laws." 

Amend  by  adding  another  Section,  as  follows  : 

Section  9.  Active  members  over  sixty  (60)  years  of  age  shall  cease  to  pay 
dues  after  thirty  (30)  years  of  continuous  membership. 

We,  the  undersigned  Active  members  of  the  Society,  respectfully  petition 
that  amendments  be  made  to  the  Constitution  and  By-Laws,  in  accordance 
with  the  above:  (Signed) 

Andrews  Allen 
W.  L.  Abbott 
C.  F.  Loweth 
P.  Junkersfeld 
O.  P.  Chamberlain 
Albert  Reichmann 
W.  C.  Armstrong 
E.  E.  R.  Tratman 
Kempster  B.   Miller 
J.  M.  Witherspoon 
Julius   Floto 
Chas.  L.  Strobel 
H.  M.  Morse 
W.  E.  Angier. 
There  being  no  other  business  to  come  before  the  Society,  the  President 
introduced  Mr.  Willis  McKee,  of  Elyria.   Ohio,  who  presented  his  paper  on 
"The  Rolling  of  Special  Sections  of  Iron  and  Steel,"  with  lantern  slide  illus- 
trations. 

Discussion  followed  from  President  Allen  and  Messrs.  James  E.  Jones,  G. 
F.  Dodge,  S.  T.  Smetters,  O.  P.  Chamberlain,  G.  T.  Bunker,  J.  H.  Heuser,  G. 
M.  Mayer  and  G.  W.  Brady. 

The  meeting  adjourned  about  10  P.  M.,  when  refreshments  and  cigars 
were  served. 
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K.XTKA     Ml-KTING,    September     I  5,    I909. 

An  extra  meeting  of  the  Society  (No.  669)  was  held  in  the  Society 
Rooms  Wednesday  evening,  September  15,  19x19. 

The  meeting  was  called  to  order  about  8:25  P.  M.,  with  Presidenl  Allen 
in  the  chair  and  about  75  members  and  guests  present. 

As  there  was  no  other  business  to  bring  before  the  Society,  Mr.  John  M. 
Ewen,  m.w.s.e.,  was  introduced,  who  presented  his  paper  on  "The  Chii 
Harbor."  In  the  course  of  his  address  the  speaker  urged  that  the  Societj  be 
represented  by  a  committee,  to  be  in  attendance  at  the  public  hearings  when 
this  subject  will  be  considered  by  the  City  Council,  or  a  committee  of  the 
same,  to  give  the  movement  the  moral  support  of  their  presence,  and  perhaps 
to  offer  explanations  or  arguments  in  favor  of  any  action  taken  to  create  a 
harbor  for  Chicago. 

A  resolution  was  offered  that  a  committee  be  appointed  by  the  President  to 
represent  the  Western  Society  of  Engineers  to  confer  with  the  committees  of 
the  City  Council,  and  others,  in  regard  to  plans  for  the  development  of  a 
harbor  for  Chicago,  and  to  report  progress,  from  time  to  time,  to  the  Society. 

After  some  little  discussion  and  explanations,  the  resolution  was  voted 
on  and  carried. 

The  paper  of  the  evening  was  discussed  by  Messrs.  J.  W.  Mabbs,  R.  P. 
Morgan  (by  letter),  R.  J.  Mershon,  G.  A.  M.  Liljencrantz,  C.  F.  Loweth,  J. 
C.  Bley,  Isham  Randolph,  R.  C.  Huston,  H.  J.  Fixmer,  and  the  author. 

The  Secretary  announced  the  death  of  our  member  Mr.  C.  W.  Birch-Nord, 
September  15,  1909. 

The  meeting  adjourned  about  10:50  P.  M. 

Regular  Meeting,  October  6,  1909. 

A  regular  meeting  of  the  Society  (No.  670)  was  held  Wednesday  evening, 
October  6,  1909. 

The  meeting  was  called  to  order  about  8.20  P.  M.  with  President  Allen  in 
the  chair  and  about  70  members  and  guests  present. 

The  minutes  of  the  meetings  of  September  1st  and  15th  were  read  and 
approved.  The  Secretary  reported  from  the  Board  of  Direction  the  election 
into  the  Society  of  the  following : 

No.  58,  Roy   H.   Deakman,   Chicago Junior 

No.  60,  Wm.    W.    Sayers,    Chicago Active 

No.  61,  W.    M.    Vandersluis,    Chicago Junior 

No.  62,  F.  W.  Dencer,   Chicago Active 

No.  64,  Addison  A.   Righter,   Chicago . Active 

Also  that  the  following  had  applied  for  membership : 

No.  65,  Hugo  Arnold,   Chicago    Active 

No.  66,  R.  C.  Mitchell,  Chicago Transfer  from  Junior  to  Active 

No.  67,  William   F.   Miartin,   Chicago Active 

No.  68,  Julian   B.   Freeman,    Chicago Junior 

The  President  then  introduced  Mr.  C.  T.  Barnum,  of  the  Forest  Service 
U.  S.  Department  of  Agriculture,  Washington,  D.  C.  who  read  his  paper  on 
"Wood  Preservation  from  an  Engineering  Point  of  View."  Discussion  fol- 
lowed from  Messrs.  Andrews  Allen,  O.  Chanute,  D.  W.  Roper,  W.  W.  Curtis, 
Theo.  Kandeler,  L.  J.  Hotchkiss,  C.  F.  Loweth,  and  the  author. 

Mr.  O.  P.  Chamberlain  offered  a  motion  that  a  vote  of  thanks  be  extended 
from  the  Society  to  Mr.  Barnum,  which  was  carried. 

The  meeting  adjourned  about  10:20  P.  M. 
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Extra  Meeting,  October  20,  1909. 

An  extra  meeting  of  the  Society  (No.  671)  was  held  Wednesday,  October 
20,   1909. 

The  meeting  was  called  to  order  at  8.20  P.  M.  with  President  Allen  in  the 
chair  and  fully  150  members  and  guests  present,  though  the  weather  was 
rather  inclement. 

There  was  no  business  before  the  meeting;  in  Mr.  Allen's  introduction  of 
the  speaker,  he  referred  to  the  coincidence  that  it  was  12  years  ago  on  October 
20,  1897,  that  Mr.  Chanute  first  presented  the  subject  for  this  evening's  ad- 
dress when  he  read  his  paper  on  "Gliding  Experiments.''  Mr.  Chanute's  ad- 
dress this  evening  was  on  "Recent  Progress  in  Aviation"  and  was  illustrated 
by  a  large  number  of  lantern  slide  views,  of  different  flying  machines.  After 
Mr.  Chanute  had  completed  his  address  there  was  an  exhibition  by  means  of 
moving  pictures,  of  the  flying  machines  at  Rheims,  France. 

The  meeting  adjourned' at  10.20  P.  M. 

Joint  Meeting,  October  22,  1909. 

An  extra  meeting  of  the  Society  (No.  672)  being  a  Joint-Meeting  of  the 
Electrical  Section,  w.s.e.  (No.  44)  and  of  the  Chicago  Branch,  American 
Institute  of  Electrical  Engineers,  was  held  Friday  evening,  October  22,  1909. 

The  meeting  was  called  to  order  about  8.30  P.  M.  with  Mr.  J.  G.  Wray  in 
the  chair ;  there  was  about  120  members  and  guests  present.  The  minutes  of 
the  last  proceeding  Joint-Meeting,  held  May  25,  1909,  were  read  and  approved. 

The  Chairman  introduced  Mr.  W.  L.  Abbott,  m. w.s.e.,  who  presented  his 
paper  on  "Central  Station  Economies."  Discussion  followed  from  Messrs. 
J.  G.  Wray,  R.  F.  Schuchardt,  A.  Bement,  E.  N.  Lake,  R.   H.  Kuss,  O.  E. 

Olson,  W.  E.  Keily, Pearson,  George  Jones,  B.  E.  Strohm,  D.  W.  Roper, 

E.  F.  Smith,  and  F.  W.  Bernhardt,  with  a  closure  from  Mr.  Abbott. 

The  meeting  adjourned  about  10.30  P.  M.  J.  H.  Warder, 

Secretary. 
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Law  and  Business  of  Engineering  and  Contracting.     By   Charles  Evan 

Fowler,  M.  Am.  Soc.  C.  E.     New  York,  McGraw  Publishing  Co.     Cloth, 

6  by  9  in. ;  pp.  162,  including  index.     $2.50. 

In  this  age  of  technical  specialization  it  is  a  pleasant  and  profitable  occu- 
pation to  take  up  a  book  dealing  with  the  human  side  of  engineering  and  to 
find,  as  in  this  case,  the  matter  discussed  from  a  high  and  at  the  same  time 
a  practical  standpoint. 

In  this  book  the  author  deals  in  a  fair  and  broad  way  with  the  relations 
existing  between  the  various  parties  to  engineering  and  contract  work,  and  in 
handling  this  subject  he  has  brought,  not  only  a  broad  and  clear  vision  and  a 
vein  of  true  optimism,  but  enough  of  practical  experience  on  both  sides  of  the 
line  to  know  thoroughly  what  he  is  talking  about. 

Of  course,  it  is  easv  to  criticise  some  of  the  minor  details  of  the  book. 
Engineers  will  disagree  as  to  the  merits  of  the  author's  specifications  for  steel 
roofs  and  buildings,  found  on  page  39,  but  they  certainly  contain  enough  valu- 
able matter  to  warrant  their  publication.  The  writer  would  personally  criti- 
cise Clause  No.  10,  which  provides  for  increasing  the  figured  loads  in  build- 
ings subject  to  the  action  of  gases,  and  would  prefer  to  substitute  a  clause 
increasing  the  minimum  thickness  of  material  and  rigidly  prohibiting  vacant 
spaces  that  cannot  readily  be  cleaned  and  painted.  There  is  also  an  obvious 
error  in  the  wording  of  this  clause  which  seems  to  apply  to  all  mill  buildings 
instead  of  those  especially  subject  to  corrosion,  as  is  evidently  intended.  The 
writer  would  also  specify  open-hearth  steel,  as  he  considers   Bessemer   steel 
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decidedly  inferior  and  out  of  date  for  structural  purposes.    Clause  No.  59,  in 

regard  to  length  of  compression  members,  seems  meaningless  as  written.  The 
classification  is  sometimes  very  had,  as  when  Clause  No.  56,  relating  wholly 
to  zvorkmanship ,  occurs  under  the  head  of  details  of  construction.  The  writer 
realizes  that  it  is  no  easy  matter  to  produce  a  specification  that  is  tree  from 
ambiguities,  contradictions,  and  verbosity.  In  the  present  edition,  the  author 
has  done  as  well  as  most  writers  of  specifications,  but  it  is  to  be  hoped  that  he 
will  undertake  a  thorough  revision  before  the  next  edition  is  issued,  either 
separately  or  in  this  book. 

Taking  up  the  subject  matter  in  detail,  the  first  chapter  deals  with  the  rela- 
tion between  the  engineer  and  the  contractor.  It  is  short,  but  leaves  little  to 
be  desired.  He  complains  of  the  lack  of  business  training  on  the  part  of  so 
many  engineers  and  advises  business  preparation  for  the  profession.  Jle 
speaks  a  strong  word  for  sincerity,  open  dealing,  honesty  and  fairness  on  both 
sides,  and  warns  the  engineer  or  owner  against  the  acceptance  of  "abnormally 
low  bids"  unless  they  are  made  by  responsible  parties,  upon  thorough  under- 
standing and  for  special  reasons.  Anyone  connected  with  engineering  work 
would  find  this  chapter  profitable  and  inspiring. 

Chapter  2  deals  with  "ordinary  forms  of  contracts,"  giving  the  essential 
features  of  a  contract  very  clearly,  together  with  explanations  showing  the 
reasons  for  each  step.  Several  excellent  contract  forms  are  included  in  this 
chapter. 

Chapter  3  deals  with  "ordinary  specifiactions"  and  contains  the  author's 
specifications  for  steel  roofs  and  buildings,  and  the  Navy  Department's  specifi- 
cations for  structural  steel  and  wrought  iron  mill  products.  The  author 
prefaces  the  specifications  with  some  excellent  general  remarks.  The  writer, 
however  (in  common,  he  believes,  with  most  structural  engineers)  would  be 
inclined  to  favor  the  "American  Railway  Engineering  &  Maintenance  of  Way 
specifications"  as  a  model  of  a  bridge  specification  at  the  present  time  rather 
than  "Theodore  Cooper's  Specifications." 

Chapter  4  contains  a  good  many  special  forms  of  specifications,  with  com- 
ments and  criticism.  Such  forms  are  useful  as  examples  of  engineering 
English  and  of  clear  statements  of  conditions  and  nature  of  work. 

Chapter  5.  "Special  forms  of  contracts."  This  brief  chapter  is  excellent, 
although  it  contains  no  sample  contracts  under  this  heading.  The  incorpora- 
tion laws  of  several  states  are  summarized  to  a  limited  extent  and  a  form  of 
articles  of  incorporation  is  also  given.  The  author  states  that  "the  drawing 
of  a  special  engineering  contract  should  never  be  turned  over  entirely  to  an 
Attorney.  Lawyers  very  seldom  know  more  than  the  general  principles  of 
engineering,  and  cannot  always  draw  up  such  a  contract  correctly  *  *  * 
it  should  first  be  written  out  in  full  and  then  submitted  to  an  Attorney  for 
his  consideration  of  the  legal  points  involved."  This  clause  will  stand  repeat- 
ing with  emphasis. 

Chapter  6  is  also  very  good.  The  author  quotes  from  a  recent  article,  "An 
engineer  should  never  write  a  specification  under  which  he  would  be  unwilling 
to  work  as  a  contractor."  This  is  a  good  statement  of  the  "golden  rule"  and 
will  also  bear  repeating.  The  hints  for  inspectors  and  the  principles  of  inspec- 
tion are  also  good  and  bear  witness  to  the  author's  experience  and  ability. 

Chapter  7  deals  with  estimating  costs  and  contains  much  good  material. 
The  data  given  are  more  or  less  approximate,  but  one  would  hardly  go  to 
such  a  book  as  this  for  absolute  cost  data.  The  important  thing  is  that  the 
book  gives  valuable  information  as  to  methods  and  systems  which  will  prove 
useful,  especially  to  the  young  engineer. 

Chapter  8,  on  "Bidding,"  covers  briefly  a  very  important  subject.  This 
chapter  is  interesting  reading.  Many  of  us  can  bear  witness  to  the  fact  that 
"the  matter  of  putting  in  bids  and  winning  out  is  largely  one  of  experience  and 
'knack,'  and  a  man  has  to  have  a  natural  idea  about  these  things  to  make  sure 
of  getting  a  reasonable  amount  of  work  to  do,  in  this  age  of  competition." 
This  is  another  statement  of  the  human  side  of  engineering  which  does  no 
harm  to  state:     We  all  know   able  estimators  and  bidders  who  seem  to  be 
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always  losing  out,  and  are  always  complaining  of  their  luck  or  of  the  many 
cases  in  which  they  have  been  "thrown  down."  It  should  be  the  aim  of  every 
engineering  contractor  to  cultivate  this  "knack"  or  intuitive  grasp  of  condi- 
tion, which  often  measures  the  entire  distance  between  success  and  failure. 

Chapter  9,  on  "organization,"  explains  the  ordinary  business  structure  and 
is  useful  for  the  student.  There  are  also  some  good  general  observations. 
For  instance,  "In  this,  as  in  most  other  things  which  are  made  a  success,  genius 
simply  consists  of  hard  work  and  there  is  no  'royal  road'  to  making  the 
wheels  turn  round  continuously  and  smoothly."  This  is  a  good  maxim.  The 
author^  also  shows  that  he  understands  the  value  of  real  efficiency,  when  he 
states  that  the  "best  foreman  is  the  cheapest"  and  "a  poor  foreman  will  easily 
drop  the  estimated  profit  on  a  job." 

The  last  chapter  on  "Contract  Law"  consists  largely  of  extracts  from 
"Clark  on  Contracts"  and  contains  a  great  many  legal  statements  and  maxims 
that  the  engineer  ought  to  know. 

The  book  is  well  printed  and  bound,  has  an  excellent  index,  and  is  suitable 
for  class  work  or  reference.  The  writer  considers  it  especially  valuable  for 
the  former  purpose.  It  is  essential  that  our  engineering  university  graduates 
should  go  out  in  the  world  with  some  conception  of  business  law  and  business 
ethics.  They  spend  so  much  time  in  filling  their  brains  with  fact  and  method 
that  they  have  little  time  for  work  that  helps  to  make  them  into  men.  This 
book  is  in  the  right  direction  and  our  thanks  are  due  to  the  author.         A.  A. 

When  Railroads  Were  New.  Charles  Frederick  Carter.  324  pages.  6  by  8^> 
inches,  a  number  of  full-page  illustrations  and  a  copious  index  of  10  pages, 
in  full  cloth.     Price  $2.00.     Henry  Holt  &  Co.,  New  York. 

This  is  a  delightful  book,  "as  fascinating  as  a  novel ;"  a  history  of  the 
struggles,  the  failures,  and  the  triumphs  of  the  pioneer  railroad  builders.  With 
our  present  railroad  construction  and*maintenance,  and  with  the  tens  of  thou- 
sands of  men  over  the  country  who  have  had  practical  experience  in  such 
work,  to  learn  of  the  entire  absence  of  all  knowledge  of  railroad  building  "when 
railroads  were  new"  now  so  commonplace,  is  interesting  and  amazing.  And 
all  within  the  space  of  the  last  three  generations,  or  100  years.  It  was  as  recent 
as  1812  that  Col.  John  Stevens,  of  Hoboken,  published  a  pamphlet  to  show  the 
advantages  of  railways  and  steam  carriages  over  canal  navigation.  The  cele- 
bration of  the  opening  of  the  Boston  and  Worcester  Railroad  was  held  in 
Worcester,  July  6,  1835,  on  which  occasion  the  proud  claim  was  made  that  they 
had  traveled  all  the  way  from  Boston,  42  miles,  in  less  than  three  hours. 

It  was  about  1827-8  that  the  first  railroad  in  the  United  States  was  com- 
pleted, built  by  Gridley  Bryant,  from  the  granite  quarries  near  Quincy,  Mass., 
three  miles  long  and  down-grade  to  tidewater  on  the  Neponset  River,  and  solely 
for  the  carriage  of  granite  from  the  quarry  to  the  shipping  point.  It  cost 
$11,250  a  mile,  but  reduced  the  cost  of  transport  of  the  granite  blocks  to  one- 
sixth  of  that  previously.  Two  horses,  the  only  motive  power  used,  could 
haul  40  tons  at  a  speed  of  4^2  miles  per  hour.  The  construction  of  this  short 
road  was  substantial,  and  its  operation  was  an  object  of  great  interest,  many 
people  traveling  a  considerable  distance  to  see  it. 

A  very  illuminating  view  of  the  advance  in  railroading,  particularly  in  the 
motive  power,  is  an  illustration  of  two  locomotives  drawn  to  the  same  scale. 
One  is  the  enormous  "2600"  Miallet  Articulated  Compound,  weighing  410.000 
pounds,  and  the  other  is  the  small  locomotive  built  at  the  West  Point  Foundry. 
New  York,  in  1830  for  the  Charleston  and  Hamburg  R.  R.  in  South  Carolina. 
It  was  on  the  advice  of  that  eminent  engineer,  Horatio  Allen,  that  the  direc- 
tors of  that  railroad  voted  to  construct  and  equip  their  road  for  steam  loco- 
motion. Though  in  the  beginning,  American  engineers,  as  Horatio  Allen  and 
others,  made  careful  studies  of  European  practice,  to  apply  to  this  country,  yet 
Yankee  invention  and  initiative  were  so  prominent  a  factor  in  the  development 
of  these  public  works  that  in  1840  "M.  Thiers,  the  great  Historian  and  States- 
man, then  Prime  Minister  of  France,  recognized  American  supremacy  in  rail- 

Vol.  XIV.     No.  5 


Book  Reviews  717 

road  building  in  that  year  by  sending  Michel  Chevalier,  a  distinguished  engi- 
neer, to  study  our  methods  for  the  benefit  of  French  roads." 

So  much  in  a  very  condensed  form  for  "The  Dawn  of  the  Railroad  Era." 
This  chapter  is  naturally  followed  by  accounts  of  America's  Pioneer  Railroad, 
the  "Baltimore  and  Ohio,"  which  had  its  first  conception  the  evening  of  Feb. 
12,  1827,  in  the  house  of  a  Quaker  banker  of  Baltimore,  when  some  25  of  the 
most  influential  men  of  that  city  gathered  to  discuss  the  feasibility  of  a  railroad 
from  Baltimore  to  the  West.  "At  that  time  there  was  no  such  thing  in  exist- 
ence as  a  railroad  for  transporting  passengers  and  merchandise  between  dis- 
tant points."  Much  of  this  chapter  is  of  great  historical  interest,  and  it  is 
hard  to  comprehend  that  at  that  time  how  densely  ignorant  were  the  men 
of  business  and  public  affairs,  of  everything  pertaining  to  railroads.  It  was 
simply  so  early  in  the  history  of  such  work,  that  there  was  no  knowledge  of 
such  things. 

It  was  about  this  time  that  a  beginning  was  made  toward  the  "Erie."  The 
charter  of  the  "New  York  and  Erie  Railroad"  was  granted  April  24,  1832,  but 
there  was  a  long  hard  fight  before  the  road  was  completed.  To  build  500 
miles  of  railroad  with  much  local  opposition  and  the  politicians  being  opposed, 
as  it  was  a  menace  to  their  interests  in  the  Erie  Canal,  made  the  task  one  of 
great  difficulty.  So  much  had  to  be  learned,  de  novo ;  there  was  no  telegraph, 
and  trains  were  run  by  a  set  of  rules  and  time  cards,  not  from  a  dispatcher's 
office.  Even  the  simple  expedient  of  the  conductor  signalling  the  engineer 
when  to  start  or  stop,  by  a  bell  on  the  locomotive  operated  by  a  cord  from  the 
train,  came  into  existence  on  this  road  about  1842.  The  road  was  completed 
and  a  train  ran  through  to  Dunkirk  in  May,  1851.  The  account  of  this  first 
through-trip,  with  the  celebrating,  the  feasting,  the  speeches,  etc.,  etc.,  is  full 
of  interest.  It  was  this  year  that  witnessed  dispatching  of  trains  by  telegraph 
on  the  Erie  road. 

The  next  chapter  of  this  book  relates  to  the  Pennsylvania  Railroad,  where 
the  local  opposition,  with  their  vested  interests  in  turnpikes,  stage-lines,  and 
Conestoga  wagons,  was  perhaps  more  severe  and  prolonged  than  elsewhere. 
The  first  railroad  in  the  Keystone  state  was  from  Philadelphia  to  Germantown 
and  Norristown,  opened  for  traffic  in  June,  1832,  and  it  was  on  this  road  that 
"Old  Ironsides,"  the  first  locomotive  built  by  Matthew  Baldwin,  of  Phila- 
delphia, was  first  operated. 

The  Vanderbilt  System,  made  up  of  a  great  number  of  short  and  inde- 
pendent sections  of  railroads  in  New  York,  is  the  subject  of  Chapter  V.  An 
illustration  shows  the  first  train  operated  in  New  York  between  Albany  and 
Schenectady  in  1831.  By  1850  it  was  possible  to  get  a  through  ticket  from 
Albany  to  Buffalo,  and  though  the  running  time  was  nominally  14  hours, 
usually  a  good  deal  more  time  was  occupied  in  transit. 

Other  chapters  of  this  fascinating  story  relate  to  railroads  in  the  Middle 
West — "Incubator  Railroads"  the  author  calls  them — as  projected  in  Ohio,  In- 
diana, Illinois,  etc.  This  was  about  the  second  quarter  of  the  nineteenth 
century. 

Of  very  great  interest  in  the  narration,  in  the  closing  chapters,  of  the  con- 
struction and  early  operation  of  the  transcontinental  roads.  The  Union  and 
Central  Pacific  roads,  the  Kansas  Pacific,  in  which  our  own  General  Dodge 
had  a  hand  about  1867-8,  and  the  Santa  Fe,  and  its  fight  with  the  Denver 
and  Rio  Grande.  The  final  chapter  of  the  book  describes  much  of  interest  in 
the  construction  of  the  Canadian  Pacific  Railway.  It  is  hard  for  business  men 
in  our  cities,  surrounded  by  the  comforts  and  conveniences  of  a  modern  urban 
community,  to  comprehend  what  the  engineers  engaged  in  the  survey  and 
construction  of  this  road  in  the  Canadian  Northwest,  had  to  undergo.  But 
they  "made  good"  and  the  road  was  built,  with  the  result  of  a  marvelous 
growth  and  development  of  that  country.  As  remarked  at  the  beginning  of 
this  notice,  the  book  possesses  great  historical  and  biographical  value  and 
reads  as  good  as  a  novel.  W. 
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Bricklaying  System.  By  Frank  Gilbreth.  The  Myron  C.  Clark  Publishing 
Co.,  Chicago  and  New  York.  Cloth,  6  by  9  inches,  pp.  330;  167  illustrations 
and  73  hand  charts.     Price  $3.00  net,  postpaid. 

Mr.  Gilbreth  has  made  a  study  of  methods  with  a  view  to  minimizing  time 
and  effort  in  securing  results.  His  work  as  an  organizer  and  systematizer 
is  well  known  to  all  contractors  and  engineers. 

In  this  book  he  takes  up  one  of  the  oldest  crafts  in  the  world  and  shows 
that  modern  methods  are  far  superior  to  old  time  "word  of  mouth"  instruc- 
tion. From  generation  to  generation  journeymen  bricklayers  have  handed  to 
apprentices  the  kinks  and  habits  of  preceding  generations  of  journeymen.  The 
few  books  in  existence  on  the  subject  were  in  no  sense  texts. 

The  author  of  this  work  understands  bricklaying  because  he  worked  with 
bricklayers  for  years.  He  learned  all  that  could  be  learned  orally  and  read 
all  that  was  printed.  He  has  for  many  years  been  a  successful  contractor,  and 
in  this  book  he  tells  all  about  the  methods  that  have  made  him  famous. 

His  method  of  training  apprentices  is  given  and  an  exhaustive  chapter  on 
"Motion  Study"  is  a  study  in  the  analysis  of  a  very  ordinary  trade,  showing 
every  motion  a  man  goes  through  in  laying  brick.  Charts  are  given,  so  appren- 
tices may  conduct  motion  studies  for  themselves,  and  learn  how  to  eliminate 
unnecessary  motions.  Such  a  study  could  be  well  applied  to  other  lines  of 
work. 

The  chapters  are  as  follows :  Training  Apprentices ;  Methods  of  Manage- 
ment; Methods  of  Construction;  Routing  of  Material;  Scaffolds;  The  Gilbreth 
Scaffold;  The  Packet  System;  Method  of  Building  Tall  Chimneys;  Mortar; 
Bricks;  Bricklayers'  Tools;  Lines.  Plumbs,  and  Poles;  Motion  Study;  Methods 
of  Laying  Brick  Under  Special  Conditions;  Finishing,  Jointing  and  Pointing; 
Arches  and  Chimney  Breasts ;  Tearing  Down,  Cutting  Out,  and  Patching 
Brickwork ;  Bond. 

The  chapter  on  bond  contains  a  great  number  of  diagrams  which  will  be 
very  useful  to  architects  and  designers  for  the  same  attention  to  detail  is  shown 
here  as  in  the  chapter  on  Motion  Study.  The  paragraphs  are  all  numbered 
and  are  called  rules.  In  fact,  the  book  is  a  book  of  rules  Air.  Gilbreth  gives  to 
superintendents  and  foremen  on  his  work,  the  strict  following  of  which  has 
brought  him  success.  Therefore,  it  is  a  valuable  manual  for  superintendents 
of  construction.  E.  McC. 

Modern  Methods  of  Street  Cleaning.  George  A.  Soper,  M.  Am.  Soc.  C.  E. 
Engineering  News  Publishing  Co.,  New  York.  201  pages,  6  by  9  in. ;  90 
illustrations.     Cloth.     Price  $3.00. 

This  is  a  valuable  book,  particularly  to  those  concerned  with  Municipal  mat- 
ters. Much  is  now  being  written  in  the  daily  press,  Chicago  and  elsewhere,  in 
the  matter  of  "cleaning  up."  The  cleaning  of  the  streets  is  perhaps  the  most 
important  element  of  this  movement  toward  civic  betterment.  If  the  public 
streets  of  a  municipality  are  kept  clean,  it  is  powerful  agent  toward  other  de- 
sirable improvements. 

A  study  of  this  book  by  the  city  authorities  will  give  them  much  valuable 
information  as  to  what  should  be  done  and  how  it  is  done,  with  deductions 
drawn  from  the  practice  in  many  important  European  cities.  Chapter  I  re- 
counts the  "Use  and  Abuse  of  City  Streets,"  and  offers  some  explanation  why 
street  cleaning  is  so  frequently  extravagant  in  cost  and  inefficient  in  results. 
The  "Fundamental  Principles  Applicable  to  Street  Cleaning"  is  the  subject 
of  Chapter  II.  while  Chapter  III  discusses  the  "Cleaning  of  Pavements."  This 
is  followed  by  "Disposal  of  Refuse"  in  Chapter  IV,  and  a  "Summary  of  Euro- 
pean Methods  of  Street  Cleaning"  in  Chapter  V. 

The  street  cleaning  of  London,  Manchester,  Paris,  Hamburg,  Berlin,  Co- 
logne, Amsterdam,  and  New  York  is  the  material  for  subsequent  chapters.  The 
illustrations  of  vehicles  for  sprinkling,  sweeping,  and  transporting  the  waste 
material  are  of  value  and  interest. 

A  suggestion  that  might  be  applicable  here,  is  the  storage  in  piles  in  suit- 
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able  locations,  of  the  street  sweepings  which  in  a  year  or  two,  under  the  action 
of  frost,  rain,  and!  the  atmosphere,  particularly  if  worked  over  a  few  times, 
would  furnish  a  large  amount  of  top  dressing  for  the  lawns  of  the  city  parks. 
The  item  of  cost  for  such  work  in  different  localities  is  a  vaulable  part  of  this 
book.  But  .the  author  did  not  find  it  practical  to  deduce  principles  of  general 
application,  as  the  nature  of  the  work  and  the  character  of  the  information 
available  does  not  permit  of  precise  deduction.  The  many  varieties  of  charac- 
ter and  conditions  of  pavement,  of  traffic,  of  weather,  and  of  sanitary  standards, 
prevent  the  treatment  of  this  subject  in  an  analytical  method.  W. 

A  Treatise  on  Masonry  Construction.    By  Ira  Osborn  Baker,  B.  S.,  C.  E., 

D.   Eng'g.   Professor  of  Civil  Engineering,  University  of  Illinois.     Tenth 

edition,  entirely  rewritten  and  enlarged.     8vo.   (6  by  9  in.)  762  pages,  over 

100  tables,  and  244  illustrations.     John  Wiley  &  Sons,  New  York.     Cloth 

$5-00. 

It  is  a  great  pleasure  to  announce  to  the  readers  of  the  Journal  the  advent 
of  Prof.  Baker's  revised  work.  In  bringing  the  work  up  to  date  the  author 
seems  to  have  spared  no  pains  to  make  it  as  complete  and  reliable,  within  the 
scope  covered,  as  possible  from  available  data. 

As  in  former  editions,  the  work  is  divided  into  parts,  chapters,  articles,  and 
numbered  and  typed  sections.  It  is  also  well  paragraphed  and  indexed.  Part  I 
(chapters  I-V)  treats  of  Materials ;  stone,  brick,  limes,  cements,  gravel,  and 
broken  stone.  Part  II  (chapterst  VI-XII)  treats  of  mortars,  plain  concrete, 
reinforced  concrete,  artificial  stone,  stone  cutting,  stone  masonry,  and  brick 
masonry.  Part  III  (chapters  XIII-XVI)  treats  of  Foundations;  ordinary, 
pile,  and  under  water.  Part  IV  (chapters  XVII-XXIII)  covers  masonry 
dams,  retaining  walls,  abutments,  piers,  culverts,  voussoir  arches,  and  elastic 
arches.     Specifications  are  given  in  three  appendices. 

The  chapter  on  "Plain  Concrete"  is  almost  entirely  new,  while  the  three 
on  "Reinforced  Concrete,"  "Concrete  Building  Blocks."  and  "Elastic  Arches," 
are  added  chapters. 

Various  diagrams  form  a  part  of  the  new  illustrations.  A  greater  pro- 
portion of  the  illustrations  have  descriptions  in  connection  with  the  plate 
number  than  in  the  old  editions,  which  is  a  decided  advantage  over  those 
which  are  described  only  in  the  text.  Considerable  cost  data  are  given  through- 
out. The  illustrations  for  retaining  walls  are  up  to  date  and  well  chosen. 
While  the  author  has  gone  over  the  field  thoroughly  for  available  data 
on  "Earth  Pressure,"  we  seem  to  be  as  far  as  ever  from  reliable  and  exact 
knowledge  on  this  important  subject. 

The  examples  of  "Wing  Abutments,"  with  one  exception,  are  a  very  decided 
improvement  over  that  given  in  the  old  editions.  The  new  examples  of  "U" 
and  "T"  abutments  are  also  much  better  than  the  earlier  forms. 

Culvert  design  is  quite  fully  discussed,  and  illustrated  by  showing  the 
latest  practice  in  design.  The  subject  of  "Arches"  is  well  treated  and  illu- 
strated. 

With  the  addition  of  153  pages  to  the  new  addition,  the  width  of  margins 
have  been  reduced  and  the  thickness  of  the  volume  is  about  XA  in.  less  than 
the  old.  It  may  be  remarked  that  coarse,  heavy  paper,  wide  margins,  and 
coarse  type  with  heavy  leading,  should  have  small  place  in  the  make-up  of  an 
engineering  library.  The  quality  of  the  paper  and  the  binding  of  this  book 
are  excellent. 

The  new  edition  well  merits  a  still  greater  popularity  than  that  already  en- 
joyed by  the  previous  ones.  C.  K.  M. 

Irrigation  Engineering.     By  H.  M.  Wilson,  Mem.  Am.  Soc.  C.  E.  Sixth  Edi- 
tion, revised  and  enlarged,  6  by  9%  in.  XXIX  +  625  pages,  38  page-plates, 
and    195   other   illustrations.      Cloth.     $4.00.     John    Wiley   &   Sons,    New 
York,  1909. 
An  earlier  edition  of  this  work   (the  fourth)   was  reviewed  in  the  pages 

of  the  Journal  in  1904,  Vol.  IX,  page  447.     This  latest  edition   (the  sixth) 
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has  been  considerably  enlarged  both  in  text  and  illustrations.  The  advance  in 
the  knowledge  of  irrigation,  the  development  of  the  science  of  the  conservation 
and  utilization  of  water  for  irrigation,  and  the  experience  of  engineers  en- 
gaged in  irrigation,  has  been  so  marked  in  the  last  half  dozen  years  as  to 
demand  this  revision  of  the  earlier  work. 

The  author  is  the  Chief  Engineer  and  has  been  Geographer  and  Irrigation 
Engineer  in  the  U.  S.  Geological  Survey ;  he  has  given  considerable  time  and 
labor  to  bring  his  book  up  to  date.  Among  other  things,  this  includes  the  use 
of  reinforced  concrete  in  the  construction  of  dams  and  controlling  works  of 
the  reclamation  projects.  The  magnitude  of  this  portion  of  the  Federal  work 
is  hard  of  comprehension  by  the  ordinary  reader. 

In  the  spring  of  this  year,  more  than  675,000  acres  of  land  were  under  irriga- 
tion from  reclamation  projects,  and  nearly  $43,000,000  had  been  expended  upon 
the  construction  of  works,  completed  or  in  progress.  But  this  is  not  all  outlay 
by  the  Federal  authorities  and  at  the  expense  of  the  Union  at  large,  for 
revenues  from  work  constructed  up  to  the  beginning  of  this  year  amount  to 
over  $1,070,000,  which  is  available  for  use  in  future  work. 

In  the  plan  of  the  book,  the  work  is  divided  into  three  parts : 

I — Hydrography,  which  includes  Precipitation,  Run-off  and  Stream 
Flow;  Evaporation,  Absorption,  and  Seepage;  Alkali,  Drainage,  and  Sedi- 
mentation ;  Quantity  of  Water  Required ;  Flow  and  Measurement  of  Water 
in  Open  Channels;  and  Sub-Surface  Water,  Sources,  and  Sewage  for  Irri- 
gation. 

II — Canals  and  Canal  Work,  which  considers  Classes  of  Irrigation  Work; 
Alignment,  Slope  and  Cross-Section;  Head  Works  and  Diversion  Wiers; 
Sluiceways,  Regulators  and  Escapes ;  Falls  and  Drainage  Works ;  Distribu- 
taries ;  and  Application  of  Water  and  Pipe  Irrigation. 

Ill — Storage  Reservoirs,  under  the  headings  of  Location  and  Capacity  of 
Reservoirs ;  Earth  and  Loose  Rock  Dams ;  Masonry  Dams ;  Wasteways  and 
Outlet  Sluices;  Pumping,  Tools,  and  Maintenance;  and  Reclamation  Service 
of  United  States. 

The  book  contains  a  number  of  valuable  tables  applicable  in  a  study  of 
irrigation  work,  and  the  illustrations  are  satisfactory. 

It  is  to  be  noted  that  the  author  of  the  book  refers  to  and  has  illustrations 
of  hydraulic  works  elsewhere  in  the  United  States  than  in  the  irrigated 
regions,  and  he  has  also  drawn  upon  foreign  practice  for  examples  and  descrip- 
tions of  notable  works,  as  in  India,  Australia,  Egypt,  and  in  Europe. 

Altogether  the  book  is  a  valuable  one  and  of  general  as  well  as  special 
interest.  The  bibliographical  notes  and  references  distributed  through  the 
book  following  the  text,  is  a  valuable  feature.  W. 

Manual  for  Engineers.  Tables  and  other  Data  for  Engineers  and  Business 
Men.  Compiled  by  Chas.  E.  Ferris,  Prof,  of  Mech.  Engineering,  University 
of  Tennessee.  The  University  Press,  Knoxville,  Tenn.,  170  pages,  3  by  SlA 
in.  leather  bound.    Price,  50  cts. 

This  is  a  convenient  little  pocketbook,  (vest-pocket  size)  prepared  by  and  in 
the  interest  of  the  University  of  Tennessee.  It  opens  with  a  few  pages  of  in- 
formation about  the  University,  Faculty,  Courses  of  Instruction,  Costs  of 
Tuition  and  Living,  etc.  The  great  bulk  of  the  book  is  made  up  of  a  variety  of 
tables  to  which  there  is  frequent  reference  in  everyday  life,  as,  Area  and 
Circumference  of  Circles.  Squares  and  Cubes,  Square  Roots  and  Cube  Roots 
of  numbers  from  1  to  1019.  Decimals  of  an  inch  for  fractions  of  1/64  to 
unity,  and  decimals  of  a  foot  for  each  1/64  of  an  inch  to  1  foot.  Also  weight 
and  sectional  area  of  square  and  round  bars,  per  foot  in  length,  weight  of 
sheet  metal,  tables  of  trigonometrical  functions,  sines,  tangents,  and  secants ; 
a  small  condensed  table  of  logarithms  of  numbers  ;  also  standard  dimensions 
of  boiler  tubes  and  welded  W.  I.  steam  and  gas  pipe,  and  other  tables  of 
interest  in  mechanical  engineering.  There  are  also  several  pages  of  earth- 
work tables,  of  loss  of  head  by  friction   in  pipes,   etc.,  etc.     Also  tables  of 
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diagrams    and    formula    for    bending    moments    and    shears    of    beams    with 
different  loadings,  and  a  table  of  weight  and  specific  gravity  of  many  differ  em 

substances.     Also,  of  value  to  electrical   workers,  are   tables  of  copper    wire 
and  wiring  tables  for  ioo,  220,  500,  1000,  and  2000  volts.     Finally  an  "Int. 
Table''  at  the  rate  of  6%,  7%,  8%  and  10%  on  sums  from  $200  to  $1000  and  for 
the  time  of  1  day  to  6  years.     This  would  appeal  to  many  business  men  as   re 
lated  to  their  commercial  transactions. 

There  should  be  a  good  demand  for  this  handy  volume,  which  is  the  13th 
edition.  W. 

Problems  of  City  Government,  by  L.  S.  Rowc,  Ph.  D.,  LL.  D.,  University  of 
Pennsylvania.  D.  Appleton  &  Co.,  New  York,  1908.  5^4  by  8  in.  358 
pages,  including  index.     Price  $1.50. 

"The  historian  of  American  institutions,"  says  Prof.  Rowe  in  the  intro- 
duction to  his  "Problems  of  City  Government,"  "will  probably  designate  the 
last  quarter  of  the  nineteenth  century  as  the  period  of  municipal  experimen- 
tation. The  history  of  municipal  institutions  during  this  period  negatives 
many  of  the  accepted  views  of  Anglo-Saxon  conservatism;"  and  he  goes  on 
to  say  that  an  analysis  of  the  conditions  of  city  life  in  the  United  States  will 
disclose  deep  rooted  causes  fully  explaining  the  unsettled  condition  of  our 
municipal  policies  and  principles.  It  is  the  purpose  of  the  volume  above  noted, 
to  present  the  results  of  such  an  analysis,  and  to  suggest  from  the  data  ob- 
tained, the  proper  line  of  progressive  evolution  to  be  followed  in  attempting 
to  better  present  conditions. 

In  carrying  out  this  program,  the  author  has  produced  a  work  that  is  both 
instructive  and  inspiring;  instructive  because,  while  no  pretense  is  made  to 
original  research,  the  data  presented  being  very  largely  from  published 
sources,  the  facts  that  are  derived  from  the  investigations  of  others,  are  so 
collated  and  arranged  as  to  give  the  reader  a  very  clear  apprehension  of  the 
larger  aspects  of  the  municipal  problem  from  the  point  of  view  of  the  author ; 
and  inspiring,  because  this  point  of  view  is  that  of  optimism,  although  a  tem- 
pered and  conservative  optimism.  While  fully  recognizing  the  difficulty  of 
the  municipal  problem  in  this  country,  Prof.  Rowe  is,  nevertheless,  inbred 
with  a  democratic  faith  in  the  capacity  of  our  urban  population  to  govern 
themselves,  if  rightly  instructed  and  directed.  The  general  spirit  of  this  book 
is  therefore  in  cheerful  contrast  to  the  cynical  and  pessimistic  tone  of  so  much 
of  the  more  popular  "muck  raking"  literature  on  municipal  conditions  with 
which  we  have  latterly  become  so  familiar. 

This  faith,  however,  is  not  a  faith  in  the  efficiency  of  any  particular  form 
of  city  government.  The  author  has  no  legislative  panacea  which  is  to  be  the 
cure  for  all  the  ills  to  which  American  city  populations  have  fallen  heir,  in 
their  preference  for  money-making  rather  than  good  government.  On  the 
contrary,  the  present  work  in  its  analysis  of  municipal  conditions,  is  very 
largely  concerned  in  demonstrating  the  utter  fallacy,  as  applied  to  the  gov- 
ernment of  cities,  of  the  characteristically  American  political  conviction  that 
wherever  there  is  a  wrong  there  must  be  a  legislative  remedy,  and  that  all  the 
citizens  of  a  politician  afflicted  community  have  to  do  to  right  the  many  wrongs 
received  at  the  hands  of  their  rulers,  is  to  devise  a  more  perfect  form  of 
government,  constrain  the  legislature  to  make  the  same  a  law,  and  then  turn 
the  new  machine  over  to  the  politicians  again. 

It  is  this  blind  faith  in  the  efficacy  of  legislative  remedies  together  with  the 
application  to  the  government  of  cities,  as  a  result  of  such  political  principles 
of  the  system  of  checks  and  balances  so  typical  of  our  State  and  Federal  gov- 
ernments, that,  according  to  Prof.  Rowe,  constitute  the  chief  reason  why  our 
city  governments  have  fallen  so  far  short  of  the  results  accomplished  in 
Europe.  This  is  very  convincingly  developed  in  the  chapter  on  "The  Modern 
Municipality,"  where  it  is  shown  that  within  something  less  than  a  century, 
American  municipal  institutions  have  undergone  a  series  of  changes  nothing 
short  of  revolutionary.  This  is  first  in  the  direction  of  a  sub-division  of  ad- 
ministrative  powers   between   the   mayor   and   the   branches   of   a   bicameral 
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council,  following  the  "checks  and  balances"  theory  of  government,  and  later 
along  the  line  of  concentration  of  power  in  the  executive  with  a  consequent 
decrease  in  the  power  of  the  legislative  assembly,  as  in  the  Greater  New 
York  Charter;  or  even  to  the  extent  of  abolishing  the  Mayor  and  Council,  and 
entrusting  the  entire  government  to  a  commission,  as  in  the  Galveston  plan. 
During  all  this  period  of  legislative  experimentation,  not  altogether  happy  in 
its  results,  the  cities  of  Europe,  with  but  little  change  in  their  constitutions, 
have  been  making  steady  advance  along  what  Prof.  Rowe  considers  the  true 
line  of  progress;  that  is,  in  obtaining  the  betterment  of  conditions  by  arous- 
ing public  spirit  and  keeping  it  vigilant,  and  applying  the  force  of  public 
opinion  through  the  traditional  and  legally  established  channels  to  the  accom- 
plishment of  the  results  desired.  This,  in  fact,  is  the  course,  according  to 
Prof.  Rowe,  that  American  communities  should  follow  in  the  future,  rather 
than  to  waste  their  effort  in  the  vain  attempt  to  discover  some  Utopian  form 
of  government  which  will  operate  automatically  and  without  watching. 

Lack  of  space  prevents  anything  like  an  adequate  summary  of  the  contents 
of  this  valuable  book.  Those  interested  in  the  questions  arising  out  of  the 
relationship  between  city  and  state  and  the  powers  conferred  by  city  charters, 
will  find  the  chapters  on  "The  Position  of  the  City  in  the  American  Political 
System,"  and  "Legal  Powers  of  Municipalities,"  full  of  well  digested  infor- 
mation. 

The  last  part  of  the  volume  is  devoted  to  a  discussion  of  municipal  owner- 
ship of  public  utilities,  and  it  is  hardly  necessary  to  say  that  the  author  stands 
on  the  affirmative  side  of  the  question.  Very  little  credit  is  given  to  the  stock 
arguments  of  middle-class  conservatism,  which  is  to  the  effect  that  better  and 
cheaper  service  can  be  expected  from  private  corporations.  European  experi- 
ence is  cited  as  a  refutation  of  this ;  and  as  to  the  increased  danger  of  official 
corruption  with  municipal  ownership  in  control,  the  author  considers  this 
danger  less  than  when  city  officers  are  subject  to  the  pressure  of  private  cor- 
porate interests.  Moreover  the  conviction  of  the  author,  which  permeates 
and  gives  character  to  the  whole  book,  is  that  the  solution  of  governmental 
problems  in  cities  is  not  to  be  obtained  by  reducing  the  powers  of  city  officials, 
and  consequently  their  responsibility,  but  on  the  contrary  may  be  better  fur- 
thered by  increasing  such  powers  and  responsibilities  so  as  to  call  forth  the 
best  that  there  may  be  in  the  holder  of  the  trust  and  further  serve  to  awaken, 
and  keep  awake,  in  the  public  at  large  a  vigilant  public  spirit.  To  be  sure, 
there  are  arguments  against  this  generous  view,  but  it  certainly  has  force. 

P.  H.  T. 

Concrete  in  Railroad  Construction. — Pam.  6y2  by  8^4  in.,  228  pages,  many 
fine  illustrations,  half-tones  and  zinc  etchings.     Price  $1.00. 

Concrete  in  Highway  Construction. — Pam.  6l/2  by  8}i  in.,  136  pages,  illus- 
trated with  half-tone  cuts  and  zinc  etchings.     Price  $1.00. 

Concrete  Construction  About  the  House  and  on  the  Farm. — Pam.  6l/2  by 
8^4  in.,  160  pages,  well  illustrated.    Free  distribution. 

Though  these  books  published  by  the  Atlas  Portland  Cement  Co.,  30 
Broad  St.,  New  York,  are  listed  as  "Trade  Catalogues,"  they  are  much  more 
than  that,  containing  many  illustrations  of  a  variety  of  concrete  structures 
for  use  in  railroad  and  highway  construction.  Many  of  the  zinc  etchings  are 
reproduced  from  working  drawings,  showing  the  dimensions,  the  reinforce- 
ment, etc.  Instructions  are  given  for  the  mixing  of  the  concrete,  the  con- 
struction of  the  forms,  the  reinforcement,  etc.  The  uses  of  reinforced  concrete 
are  so  varied  as  to  be  beyond  the  limits  of  this  notice,  but  include  bridges 
and  viaducts,  trestles,  culverts,  piers  and  abutments,  retaining  walls,  station 
buildings  and  train  sheds,  coaling  stations,  cinder  and  turntable  pits,  round- 
houses, signal  towers,  and  bumping  posts.  Also  warehouses,  storehouses,  grain 
elevators,  water-storage  tanks,  docks,  and  tunnels. 

The  second  of  the  above  trio  of  books,  has  the  sub-title  "Text-book  for 
Highway  Engineers   and    Supervisors,"   and   the   first   illustration   is   that   of 
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the  beautiful  arched  highway  bridge  in  Yellowstone  Park  over  the  turbulent 
rapids  of  the  Yellowstone  River,  just  above  the  halls,  which  was  built  by  the 
U.  S.  Engineers  in  charge  of  that  National  Park  some  years  ago.  The  book- 
is  full  of  valuable  hints,  tables,  instructions,  etc.,  to  aid  in  the  more  general 
as  well  as  scientific  use  of  concrete.  Illustrations  and  descriptions  refer  to 
highways,  street  pavements,  sidewalks,  curbs  and  gutters,  culverts  of  many 
sizes  and  forms,  bridges,  sewers,  retaining  walls,  fence-posts,  hitching-posts, 
and   drinking   fountains. 

The  third  book,  relating  to  structures  on  the  farm,  etc.,  shows  examples  of 
yet  further  adaptation  of  this  material.  These  include  walls  for  cellars  and 
for  houses,  stables,  barns,  silos,  dairies,  ice-houses,  stairways,  curbs,  (about 
springs  and  wells),  culverts  and  drain-tile.  Greenhouses,  chicken-houses  and 
piggeries,  water-tanks,  and  ice-boxes,  may  be  built  of  concrete.  These  books 
are  full  of  interest,  are  very  clearly  written,  and  contain  many  excellent 
and  instructive  illustrations  of  structures  built  of  this  plastic  material.  But 
such  work  should  not  be  attempted  by  inexperienced  persons  after  simply 
persuing  the  text.  To  engineers  and  artisans  who  have  some  knowledge  of 
the  subject,  they  will  frequently  give  a  valuable  hint  or  suggestion  as  to 
what  has  or  can  be  done  with  concrete.  W. 

Trade  Catalogues. 

Engineering  Instruments.     Bausch  &  Lomb  Optical  Co.,  Rochester,  N.  Y. 

Pam.  7%  by  10^2  in.,  68  pages. 

This  is  a  description,  with  prices,  of  the  extensive  line  of  engineering 
instruments  as  made  by  this  company.  The  descriptions  are  clear  and  inter- 
esting reading,  which  are  further  enhanced  by  the  illustrations.  The  makers 
of  the  instruments  shown  in  this  list,  have  the  reputation  for  most  excellent 
workmanship.  Messrs.  Bausch  &  Lomb  also  have  a  high  reputation  for  the 
quality  of  their  optical  work  as  shown  in  their  lenses,  prisms,  etc. 

Some  ingenious  devices  have  been  brought  out  by  this  company,  and  in- 
corporated in  their  manufactures.  Besides  the  compendious  list  of  transits, 
levels,  theodolites,  and  compasses,  there  is  listed  plane  tables,  leveling  rods, 
measuring  tapes,  chains  and  pins,  magnifying  glasses,  etc. 

Messrs.  Bausch  &  Lomb  announce  that  a  catalogue  of  astronomical  instru- 
ments has  been  prepared  for  distribution  to  those  interested.  The  book-work  in 
this  catalogue  is  of  high  character.  W. 

Yale  &  Towne,  Chain  Blocks,  Electric  Hoists,  Trolleys  and  Cranes.  Pam. 
6  by  9  in.,  70  pages,  fully  illustrated, — with  tables,  descriptive  text,  prices,  etc. 
The  Yale  &  Towne  Manufacturing  Co.,  No.  9  Murray  St.,  New  York,  and 
Stamford,  Conn. 

It  is  now  more  than  fifty  years  since  Thomas  A.  Weston  invented  the 
differential  pulley-block,  and  which  soon  proved  its  great  usefulness  in  a 
vast  variety  of  places.  Subsequently  many  improvements,  adaptations,  and 
modifications  were  made,  as  the  triplex  and  duplex  chain-blocks,  spur-geared 
and  screw-geared,  and  of  varying  efficiencies.  These  were  hand-operated 
machines,  but  with  the  development  in  the  use  of  electric  energy,  it  was 
natural  that  it  should  be  employed  as  in  electric  hoists,  which  are  particularly 
applicable  in  many  situations.  Tables  show  the  range  in  capacity  from  one- 
half  ton  to  twenty  tons,  with  dimensions,  prices,  etc.  It  was  a  comparatively 
simple  step  to  apply  these  lifting  mechanisms  to  trolleys  and  cranes  with 
overhead  tracks.  The  same  pamphlet  shows  a  variety  of  metal-constructed 
crabs  and  winches. 

The  book  work  is  very  good  and  the  illustrations  clear  and  instructive  to 
the  construction  and  operating  engineer.  There  is  hardly  a  shop  or  factory, 
containing  machinery,  where  one  or  another  of  these  lifting  machines  would 
not  prove  very  useful.  These  pamphlets  can  be  had  on  request,  of  the  Yale 
&  Towne  Manufacturing  Co.  W. 
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exchange  and  in  completing  valuable  volumes  for  our  files. 

Since  the  issue  of  the  Journal  for  August,  1909,  we  have  the 
pleasure  to  report  the  following  additions  to  the  library  and  gifts 
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MISCELLANEOUS   GIFTS. 

John  M.  Sweeney,  m.w.s.e.,  Chicago,  Proceedings  of  International  Engineer- 
ing Congress,  Division  of  Marine  and  Naval  Engineering 
and  Naval  Architecture.     1893,  2  vols.     Cloth. 
E.   E.  R.  Tratman,  m.w.s.e.,  Chicago.     Proceedings,  American  Water  Works 
Association,  1908.     Cloth 

Report  of  Royal  Commission  of  New  South  Wales.  Pam. 
and  maps. 

Journal,  American  Society  of  Engineering  Contractors,  June 
1909.     Pam. 

Public  Service  Commission  of  New  York.  "Fire  Protection 
along  the  lines  of  the  railroads  in  the  Adirondack  Forest 
Preserve."     Pam. 

Administration  Report  of  the  Railways  of  India,  1908.   Paper. 

The  Railways  of  Indo-China.    Pam. 

Journal,   Railway   Signal   Association.   Pam. 

Univ.   of  111.   Bulletin,   No.   29.     Pam. 

Bulletin  No.  105,  Amer.  Ry.  Engr.  &  M.  of  W.  Assn.     Pam. 

Bulletin,  American  Institute  of  Mining  Engineers,  May, 
1909.     Pam. 

Bulletins,  International  Railway  Congress,  March,  May,  1909. 
Pams. 

Bulletin  No.  9,  Illinois  State  Geological   Survey,  Cloth. 

Water  Supply  &  Irrigation  Papers  Nos.  224,  230,  231. 

Report  of  General  Manager  of  Railways,  Cape  of  Good 
Hope,    1908.      Pam. 

Virginia  State  Geologist.     Bulletins  2  &  3  Virginia  Geological  Survey.    Pams. 
A.  Twyman,  Chicago.    Bulletin  No.  1,  Virginia  Geological  Survey.    Pam. 

20  sheets  of  Details,  Standards  in  freight  car  construction  in 

English  practice. 
C.  C.  Andrews,  Forestry  Commissioner,  St.  Paul,  Minn,     nth  &  12th  Annual 

Reports  of  Commissioner  of  Forestry  of  Minn.    Cloth. 
New  Hampshire  Agricultural  Experiment  Station,  Durham,  N.  H.    19th  &  20th 

Reports  of  N.  H.  Agricultural  Experiment  Station,  1906- 

1907.    Paper. 
Sewerage  Commission,  City  of  Baltimore,  Md.    Annual  Report  for  1908.    Pam. 
M.  C   Clark  Publishing  Co.,  Chicago,  "Bricklaying  System,"  Frank  B.  Gilbreth, 

Cloth. 
Commissioner  of  Health,  Harrisburg,  Pa.,  Report  of  Pennsylvania  Commis- 
sioner of  Health,  1907.     Cloth. 
City  Statistican,  Chicago,  Chicago  City  Manual,  1909.     Cloth. 
Engineering  News   Publishing  Co.,  New  York,  "Modern  Methods  of   Street 

Cleaning,"  Soper.    Cloth. 
"Waterproofing,"  Myron  H.  Lewis.    Pam. 
Chamber  of  Commerce,   Pittsburg,  Pa.,  Annual   Report  of  President  Lee  S. 

Smith,  May,  1909.    Pam. 
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Rose  Polytechnic  Institute,  Terre  Haute,  Ind.,  "Memorial  Volume  Rose  Poly- 
technic Institute,  1874-1909."     Cloth. 

John  Wiley  &  Sons,  New  York,  "Irrigation  Engineering,"  Wilson.     Cloth. 
"A  Treatise  on  Masonry  Construction,*'  Baker.     Cloth. 

Onward  Bates,  m.w.s.e.,  Chicago,  Bulletin  Rensselaer  Polytechnic  Institute, 
1909.     Pam. 

N.  P.  Lewis,  Ch.  Engr.,  Board  of  Estimate  and  Apportionment,  New  York. 
Report  on  the  Triangulation  of  Greater  New   York.     Paper. 

C.  W.  Birch-Nord,  m.w.s.e.,  Chicago,  "General  Specifications  for  Elevated 
Steel  Tanks  on  Towers  and  for  Stand-pipes."     Pam. 

Corporation  Commission,  State  of  Oklahoma,  Guthrie,  Okla.,  First  Annual  Re 
port  of  Corporation  Commission,  1908.    Cloth. 

Board  of  Trustees,  Commissioner  of  Water-Works,  Cincinnati,  Ohio.,  Annual 
Reports  1905-8.    1  cloth,  3  pams. 

Board  of  Trustees,  Commissioners  of  Water  Works,  Cincinnati,  Ohio, 
Chief  Engineer's  Report,  1897-1909.     Cloth. 

P.  Blakiston's  Son  &  Co.,  Philadelphia,  Pa.,  "A  Manual  of  Volumetric  Analy- 
sis," Coblentz  &  Vorisek.     Cloth. 

J.  B.  Henderson,  Brisbane,  Australia,  Report  of  Interstate  Royal  Commission 
on  the  River  Murray.    Bds. 

S.  E.  Thompson  and  F.  W.  Taylor,  Newton  Highlands,  Mass.,  "Extracts  on 
Reinforced  Concrete  Design  from  the  Second  Edition  of 
"Concrete,  Plain  &  Reinforced."    Pam. 

The  Scientific  Publishing  Co.,  Manchester,  Eng.,  "The  Common  Metals  (non- 
ferrous)"  Sexton  and  Primrose.     Cloth. 

The  Macmillan  Co.,  New  York,  "Coordinate  Geometry,"  Fine  &  Thompson. 
Cloth. 

M.  K.  Trumbull,  m.w.s.e.,  Chicago,  "Track  Elevation,  City  of  Chicago,  to 
December  31,  1908."     Cloth. 

League  of  Civic  Clubs,  Rochester,  N.  Y.,  "Rochester  Social  Centers  and  Civic 
Clubs."    Story  of  first  two  years.     Pam. 

Atlas   Portland   Cement   Co.,   New   York,    "Concrete   Construction   about   the 
Home  and  on  the  Farm." 
"Concrete  in  Highway  Construction." 
"Concrete  in  Railroad  Construction."    3  pams. 

Advisory  Board  of  Supervising  Engineers,  Albany,  N.  Y.,  Report  to  Governor 
of  Advisory  Board  of  Supervising  Engineers  of  Barge 
Canal.    Cloth. 

University  of  Illinois,  Urbana,  111.,  Bulletin  No.  4  State  Water  Survey.    Cloth. 

Henry  Holt  &  Co.,  New  York,  "When  Railroads  Were  New,"  C.  F.  Carter. 
Cloth. 

University  of  Tennessee,  "Tables  and  other  Data  for  Engineers  and  Business 
Men."     Leather. 

Commercial  Club,  Chicago,  Plan  of  Chicago.    Cloth. 

Houghton  Mifflin  Co.,  Boston,  Remaking  the  Mississippi,  by  John  L.  Mathews. 
Cloth. 

Col.   C.   McD.  Townsend,   m.w.s.e.,  Detroit,  Mich.,   Detail   Drawings  of   Poe 
^  Lock  at   St.   Marys   Falls   Canal,   Mich.     Cloth. 

Illinois  Board  of  Charities,  Quarterly  Bulletin,  Jan.,  1909.     Pam. 

C.  L.  Gould,  m.w.s.e.,  Chicago,  5  bound  volumes.     The  Mechanics  of  Engi- 
neering and  of  the  Construction  of  Machines,  by  Weis- 
bach. 
The  Mississippi  and  Ohio  River,  by  Charles  Ellet,  Jr. 
Report  on  the  Filtration  of  River  Waters,  by  James  P.  Kirk- 
wood. 
Report  of  Committee  on   Coinage,   Weights,  and   Measures, 

1879. 
The  Metallurgy  of  Iron  and  Steel,  by  H.  S.  Osburn. 
J.  H.  Warder,  Secy.  W.  S.  E.,  Chicago,  Problems  of  City  Government.  1908. 
Cloth. 
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Wm.  Busse,  Chicago,  Charity  Service  Reports,  Cook  County,  111.     Pam. 
Scientific  Publishing  Co.,   Manchester,   Eng.,   Practical   Alternating  Currents, 

by  Chas.  F.  Smith,      Cloth. 
Metropolitan    Water    &    Sewerage    Board,    Boston,    Eighth    Annual    Report, 

1908.  Cloth. 

Board  of  Health,  Manchester,  N.  H.,  Annual  Report,  1908.     Pam. 
John  Wiley  &  Sons,  New  York,  Azimuth,  by  George  L.  Hosmer.    Leather. 
Igneous  Rocks,  by  Jos.  P.  Iddings,  Vol.  1,  1909.    Cloth. 
Exercises  in  Surveying,  by  Tracy,  1909.     Leather. 
Chicago  Academy  of   Sciences,   Chicago,  Annual   Report,   1908.     Pam. 
The  Macmillan  Co.,  New  York,  Simplified  Methods  of  Calculating  Reinforced 

Concrete  Beams,  by  W.   Noble  Twelvetrees.     Cloth. 
Lowell   Water  Board,   Lowell.   Mass.,   Annual   Report,    1908.     Pam. 
F.   W.   Huels,    m.w.s.e.,   Madison,   Wis.,    1st,  2nd,   and   3rd.   Annual   Reports, 

Inspector    of    Gas    and    Electric    Meters,    Madison,    Wis., 

1906-7-8.     3   pams. 
Pennsylvania  Steel  Co.,  Steelton,  Pa.,  Reports  on  Blackwells'  Island  Bridge. 

1909.  Pam. 

Joshua  E.   Borton,   State  Director,  Trenton,  N.  J..  Railroad  and  Canal  Re- 
ports,  1908.     Cloth. 

GOVERNMENT    PUBLICATIONS. 

U.  S.  Geological  Survey,  Department  of  Interior.     The  Production  of  Quartz 

and  Feldspar  in  1908. 
The  Production  of  Tin  in  1908. 
The  Production  of  Peat  in  1908. 
The  Production  of  Petroleum  in  1908. 
The  Production  of  Mineral  Waters  in  1908. 
The  Production  of  Gas,  Coke,  Tar,  etc.  in  1908. 
The  Production  of  Graphite  in   1908. 
The  Production  of  Related  Bitumens  in  1908. 
The  Production  of  Precious  Stones  in  1908. 
The  Manufacture  of  Coke  in  1908. 
Coal  Briquetting  in  1908. 
Bulletins,  Nos.  373,  383,  387,  14  pams. 

Bulletins,  Nos.  376,  378,  373,  385,  370,  341,  374,  375.  379,  383. 
Production  of  Phosphate  Rock  in  1908. 
Production    of    Slate    in    1908. 
Production  of  Mica  in  1908. 
Production  of  Iron  Ore  in  1908. 
Production  of  Chromic  Iron  Ore  in   1908. 
Production  of  Talc  and  Soapstone  in  1908. 
Production   of   Manganese  Ores   in   1908. 
Production  of  Asbestos  in  1908. 
Production  of  Fluorspar  and  Cryolite  in  1908. 
Production  of  Stronium  in  1908. 
Production  of  Sulphur  and  Pyrite  in  1908. 
The  Cement  Industry  in  the  U.  S.  in  1908. 
Geological   Maps,   folios    T60-166  inclusive. 
Water    Supply    and    Irrigation    Papers    Nos.    224,    228,    229, 

230,  231. 
U.   S.   Department  of  Commerce  and   Labor,   The   Figure  of  the   Earth    and 

Isostasv  from  Measurements  in  the  U.  S.     Cloth. 
Wood  Distillation  in  1908.     Pam. 

A  Century  of  Population  Growth  in  the  U.  S.,  1 790-1900.  Folio. 
Telegraph  Systems,  1907.    Folio. 
Religions  Bodies  in  T906.     Pam. 
Department  of   Commerce   and   Labor,   Bureau   of   Census,   pams.     Bulletins, 

99,  100. 
Pulp  Wood  Consumption  in  1908. 
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U.  S.  War  Department,  Reports  of  Secretary  of  War,  Chiel  of  Stall,  A4jutan1 
General,  [nspector  General,  fudge  Advocate  General,  1908 

Cloth. 
Reports  of  Armament,  Transportation  Supply,  [908.    Cloth. 
Reports  of  Division  and   Department    Commanders,    [908. 

Cloth. 
Reports  of  Military  Schools  and  Military  Parks,  [908.    (doth. 
Reports  of  Chief  of  Engineers,  [908.    Cloth 
Reports  of  Chief  of  Ordnance,  [908.    Cloth. 
Reports  id'  Philippine  Commission,  1908.     Vols.  1  and  j  with 

appendix;  2  cloth,  and   1   pam. 

U.  S.  Dept.  of  Agriculture,  Forest  Service,  pams.     Silvical  Leaflet  No.  49. 
Circulars  Nos.   163.   166. 

Bureau  of  Education,  Pams.  Statistics  of  Public,  Society,  and  School  Libraries 
of  over  5,000  vols,  in  1908. 

Bureau  of  Science,  Manila,  P.   I.,  pams.     Seventh  Annual  Report  of  Direc 
tor,    1908. 

Commissioner  of  Education.  Reports  for  1909,  Vols.  1   and  2.     Cloth. 

Pan-American  Scientific  Congress,  Report  of  the  Delegates  of  the  U.  S.  to  the 
Pan  American  Scientific  Congress,   1908-9.     Cloth. 
Library  of  Congress.     Pam. 

Select  List  of  References  on  the  Valuation   and  Capitaliza- 
tion of  Railroads. 

Joint  Committee  of  Conservation.     Pam.     Report  of  the  National  Conserva 
tion  Commission. 

U.  S.  Bureau  of  Education,  Index  to  the  Reports  of  the  Commissioner  of  Edu- 
cation, 1867-1908.     Pam. 

Smithsonian  Institution,  Report  of  Progress  of  U.  S.  National  Museum,  190X. 
Cloth. 

Reclamation  Service,  North  Platte  Project.     Specifications  and  Advertisement. 
Pam. 

BY    PURCHASE 

Betterment  Briefs.    Jacobs. 

Handbook  of  Rocks.    Kemp. 

Transient  Electric  Phenomena  and  Oscillations.     Steinmetz. 

The  New  International  Encyclopaedia,  1909.     (Dodd,  Mead  &  Co.)    22  vols. 

Directory  of  Iron  and  Steel  Works  of  United  States,  1908. 

Modern  Power  Gas  Producer.     Allen. 

Sewage  Disposal  Works.    Raikes. 

Portland  Cement.    Meade. 

Designing  and  Detailing  of  Simple  Steel  Structures.     Morris. 

Hydraulics  and  Its  Applications.    Gibson. 

Electric  Railways.    Vol.  2.    Ashe. 

From  estate  of  the  late  C.  H.  Tutton,  m.w.s.e.  : 

Roads,  Streets,  and  Pavements.    Gillmore. 

Practical  Electricity.    Ayrton. 

Thermodynamics  of  Heat-Engines.    Reeve. 

Mechanics  of  Engineering.     Du  Bois. 

Heat  and  Heat-Engines.     Hutton. 

Graphical  Analysis  of  Roof  Trusses. 

Experiments  upon  the  Contraction  of  Liquid  Vein,  etc.   Bazin. 

Hydraulics  with  Working  Tables.    Bellasis. 

Reinforced  Concrete  Construction.    Turneaure  and  Maurer. 

Symmetrical  Masonry  Arches.    Howe. 

Elements  of  Precise  Surveying  and  Geodesy.     Merriman. 

Roorkee  Hydraulic  Experiments,  Tables,  and  Plates. 

Retaining- Walls  for  Earth.    Howe. 

October,  1909  _i 


728  Library  Notes 

From  estate  of  Dr.  A.  W.  French : 

Missouri  Geological  Survey, — 

Annual  Report,  1894. 

Reports  on  Arcal  Geology,  1896. 

Surface  Features  of  Missouri,  1896. 
Missouri  Bureau  of  Geology  and  Mines, — 

Biennial  Report,  1898. 

Structural  and  Economic  Geology  of  Missouri,  1900. 
Geology  &  Topography  of  Lake  Superior  Land  District.    Fos- 
ter and  Whitney,  1850. 
Mineral    Resources   West   of   the    Rocky    Mountains,    R.    W. 

Raymond,  1871. 
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Up  to  within  a  few  years,  the  question  of  rolling  irregular  shapes 
has  been  one  of  comparative  simplicity,  as  most  of  the  shapes  that  it 
had  been  desired  to  roll  were  on  the  whole  of  comparatively  plain 
cross  section,  but  as  it  has  been  found  desirable  to  have  large  quan- 
tities of  metal  bars  and  plates  of  more  or  less  complex  cross  section, 
the  question  of  rolling  such  shapes  has  become  a  matter  of  import- 
ance. 

For  the  past  five  years  the  writer  has  been  largely  occupied  in 
developing  the  possibilities  of  rolling  steel  into  more  or  less  compli- 
cated forms,  and  it  is  hoped  that  this  brief  discussion  of  the  pos- 
sibilities and  methods  of  rolling  such  shapes  will  be  of  interest  to 
the  members  of  the  Western  Society  of  Engineers. 

It  is  not  the  intention  to  treat  the  subject  in  an  exhaustive  or  tech- 
nical manner,  but  to  present  in  as  clear  a  way  as  may  be,  the  pos- 
sibilities and  the  limitations  of  rolling  special  sections.  The  bound- 
ary between  what  is  acknowledged  as  the  possible  and  the  impossible, 
between  the  practical  and  the  impractical,  is  exceedingly  flexible,  for 
numerous  reasons. 

First.  Rolling  mill  men  themselves  do  not  know  the  possibilities 
of  their  own  mills. 

Second.  New  demands  for  large  tonnages  of  certain  sections 
justify  the  mills  preparing  for  such  sections  and  experimenting  with 
the  same,  when  a  few  tons  or  even  a  few  thousand  tons  would  not  in 
any  way  recompense  the  mill  in  rolling  them. 

Third.  New  mills  of  new  designs  are  opening  up  new  possi- 
bilities. 

Fourth.  '  Often  a  proposition  of  some  special  section  is  not  put 
up  to  the  mill  which  is  properly  equipped  with  machinery  and  brains 
to  handle  anything  out  of  the  ordinary  standard  sections,  or  at  least 
to  handle  the  particular  sections  in  question. 

Neither  the  old  school  of  "do  as  your  fathers  did"  mill  man,  nor 
the  technical  man  without  extensive  mill  experience,  is  qualified  to 
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say  what  can  and  what  cannot  be  done.  In  a  few  mills  there  are 
organizations  which  are  composed  of  a  number  of  technical  men  to- 
gether with  some  mill  men  who  have  been  raised  in  mills  and  know 
mill  conditions  from  start  to  finish,  from  a  practical  standpoint,  and 
at  the  same  time  are  willing  to  try  to  do  new  things  in  new  ways, 
this  is  about  the  only  combination  that  is  able  to  work  out  the 
new  problems  which  come  up.  The  writer  has  been  told  by  rollers 
and  roll  designers,  that  certain  things  were  impossible,  because 
they  had  never  seen  them  accomplished,  and  the  only  way  we  were 
able  to  get  around  such  opposition  was  to  get  new  rollers  and  roll 
designers,  as  we  knew  that  as  long  as  the  mill  men  took  that 
position  they  could  block  any  scheme  that  came  up.  It  is  absolutely 
necessary  in  order  to  get  best  results,  to  work  on  the  supposition 
that  everything  can  be  done  until  it  has  been  shown  that  it  cannot 
be  done. 

Fifth.  Necessity  makes  many  things  possible  which  do  not 
originally  appear  so ;  for  instance,  the  old  two-piece  rail.  Most 
modern  mill  men  would  say  that  this  section  could  not  be  made, 
notwithstanding  the  fact  that  it  was  manufactured  years  ago  when 
steel  was  being  first  introduced ;  the  head  of  the  rail  was  of  steel, 
while  the  flange  and  web  were  of  iron.  (Fig.  i.)  Although  this  was 
a  failure  as  a  rail,  it  is  a  very  interesting  example  of  early  mill  work. 


FIG.    I.      IRON  RAIL  WITH   STEEL  HEAD. 


Rolls  are  practically  dies,  which  in  revolving  form  the  metal  to 
their  contour.  It  becomes  necessary,  therefore,  to  confine  our  rolled 
sections  to  such  shapes  that  the  rolls,  in  the  last  roll  pass,  will  come 
in  contact  with  the  whole  of  the  surface  of  the  section  to  be  rolled. 
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The  illustration  (Fig.  2),  shows  how  it  is  customary  to  arrange  the 
last  pass  in  the  rolls  in  rolling-  "I"  beams,  "Z"  bars,  splice  bars,  etc. 


FIG.  2.      STANDARD    SECTIONS. 


This  rule  is  apparently  deviated  from  in  the  case  of  rolling  some 
sections,  such  as  lock  piling  (Fig.  3),  but  this  is  not  truly  a  devia- 


FIG.  3.      STEEL  SHEET  PILING. 


tion  from  the  rule,  as  these  sections  are  rolled  so  that  the  material 
can  clear  the  roll,  and  then  in  the  last  pass  no  work  is  performed 
but  in  bending  over  the  flange.  In  other  words,  it  is  rolled  in  such 
shape  that  the  rolls  can  come  in  contact  with  all  the  section,  and 
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then  it  is  simply  bent  over  in  a  bending  pass,  in  which  there  is  no  roll-, 
ing  or  reduction.  In  this  section,  if  it  were  required  to  make  an 
absolutely  perfect  bar,  it  would  be  necessary  to  use  the  mandrel  to 
hold  out  the  piece  in  this  bending  pass.  If  this  were  not  done,  there 
would  of  necessity  be  some  irregularities  in  the  section  that  the 
roller  could  not  control,  as  the  rolls  cannot  come  in  contact  with  both 
sides  of  the  flanges  in  the  last  pass. 


FIG.   4.      DOOR    HANGER   AND   STRUCTURAL   TUBE. 

Another  example  of  somewhat  similar  rolling  is  the  rolling  of  a 
door  hanger  (Fig.  4).  In  this  instance  we  do  not  have  just  the  same 
trouble.  As  the  section  is  circular  it  can  be  conformed  outward  by 
the  piece  being  tightly  confined  against  the  tongue  of  the  top  roll, 
but  the  pass  that  forms  this  section  up  is  strictly  a  bending  pass, 
and  not  a  rolling  one. 

The  writer  has  had  considerable  experience  in  the  manufacture 
of  structural  and  bedstead  tubing  (Fig.  4),  which  is  formed  up  in 
a  mill,  but  we  would  hardly  consider  that  we  rolled  the  tubing, 
although  the  piece  leaves  the  mill  in  the  shape  of  a  tube.  In  reality 
we  roll  the  skelp  or  flat  strip  of  steel,  and  then  form  the  same  up 
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into  the  round  by  means  of  bending  rolls  and  guides,  I  nit  there  is  no 
reduction  of  the  section  after  beginning  to  form  it  up,  so  it  is  in 
reality  a  hot  continuous  bending  operation,  and  not  a  rolling-  one. 
We  roll  this  tubing  from  high  carbon  steel  stock,  and  when  desired 
braze  the  seam.  On  account  of  the  nature  of  this  stock,  it  is  found 
more  desirable  in  many  places  than  the  ordinary  welded  tube. 


FIG.    5.      CONCRETE   BARS. 


Concrete  reinforcing  bars  (Fig.  5),  have  become  a  large  tonnage 
proposition,  and  rolling  mills  have  done  all  in  their  power  to  meet  the 
demands  of  the  engineer  for  bars  that  will  at  all  points  have  practi- 
cally the  same  area  of  cross  section,  and  at  the  same  time  have  such 
irregularities  as  to  properly  attach  them  to  the  concrete.  With  the 
exception  of  sections  like  the  Kahn,  which  are  slit  after  being  rolled, 
and  the  twisted  bars,  practically  all  these  sections  are  rolled  on  rolls 
that  have  had  irregularities  milled  or  chipped  into  them.  Rolling 
mill  men  naturally  do  not  desire  rollings  of  this  kind,  for  the  reason 
that  they  have  to  be  equipped  to  finish  their  rolls  in  a  milling  machine 
at  an  additional  cost,  and  then  on  account  of  the  nature  of  the  rolls, 
it  is  impossible  to  roll  a  tonnage  equal  to  that  produced  in  plain  rolls. 
It  is  also  impossible,  as  a  rule,  to  use  a  chilled  finishing  roll  on  such 
work,  on  account  of  the  difficulty  of  finishing  the  same,  and  it  is 
necessary  to  fall  back  on  steel  rolls,  which  will  not  last  as  long  as 
chilled  rolls,  and  which  roughen  up  very  soon.  Of  course,  such  little 
roughnesses  on  the  concrete  bar,  are  not  usually  regarded  as  serious. 
The  twisted  bar  is  rolled  straight,  and  is  afterwards  twisted,  in  some 
mills  on  the  hot  beds  before  it  cools,  while  at  other  plants,  it  is  twisted 
cold. 

Steel  columns  have  for  years  been  made  in  two  ways.  Small  ones 
of  a  single  "I"  beam,  and  the  large  ones  of  built  up  sections,  the  point 
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where  it  became  expedient  to  change  from  one  to  the  other  being 
usually  determined  by  the  radius  of  gyration  of  the  "I"  beam  in 
the  line  of  least  resistance,  the  beam  often  being  many  times  too 
strong  in  the  other  axis.  It  is  impossible  to  overcome  this  in  an 
ordinary  beam,  as  the  legs  of  the  beam  must  have  a  decided  taper, — 
16  2/3  °  being  the  usual  practice, — in  order  to  clear  the  rolls,  and  it  is 
impossible  to  make  the  flanges  long.    The  left  of  Fig.  6  shows  one 


FIG.   6.      ROLLING   I   BEAMS. 


of  the  reducing  passes.  In  this  pass,  the  bottom  flanges  are  being 
lengthened,  while  the  top  flanges  are  shortened,  because  the  same 
roll  is  on  both  sides  of  these  flanges.  The  demand  for  an  "I"  beam 
of  practically  square  section  led  to  the  installation  in  Germany  and 
afterwards  at  Bethlehem,  Pa.,  of  special  mills  to  roll  such  sections. 
These  mills  are  arranged  with  two  sets  of  rolls  in  the  same  plane, 
but  with  axes  at  right  angles,  the  one  set  conforming  the  inside, 
and  the  other  the  outside  of  the  beam.  In  these  mills  it  is  possible 
to  roll  sections  with  long  flanges,  and  with  flanges  whose  sides  are 
nearly  parallel.  It  is  claimed,  with  seeming  justice,  that  the  metal 
of  the  section  rolled  on  such  a  mill  is  of  a  more  homogeneous 
character  than  if  rolled  by  the  former  method,  because  it  is  possible 
to  make  practically  equal  reductions  in  the  several  parts  of  the 
sections  in  the  succeeding  passes,  so  eliminating  the  tearing  tendency 
which  is  natural  in  the  old  style  rolling.  Another  advantage  claimed 
is  that  the  circumferential  speed  of  the  rolls  at  point  of  contact  is 
always  practically  the  same,  while  in  other  mills  it  is  often  nearly 
twice  as  great  at  some  points  as  at  others,  causing  slipping  and  dis- 
tortion of  the  fibre  of  the  steel. 

In  Fig.  7  is  shown  two  methods  of  rolling  channels,  which  are 
employed  in  order  to  get  the  required  length  to  the  legs.  Now, 
if  it  were  necessary  to  roll  a  similar  section  with  a  third  projection 
near  the  center,  one  would  be  unable  to  make  this  third  projection 
as  long,  as  it  would  be  impossible  to  use  either  of  these  two  schemes 
in  lengthening  this  third  projection.  If  it  were  desired  on  the  other 
hand  to  have  only  one  projection,  and  it  a  central  one.  this  pro- 
jection could  be  given  the  required  length  by  turning  the  bar  on 
edge  and  dividing  the  rolls  on  the  line  of  the  projection,  thus  bring- 
ing one  roll  into  contact  with  the  top,  and  the  other  with  the  bottom 
side  of  the  projection. 

Vol.  XIV.    No.  6 


McKee — Rolling  of  Special  .Sections 


FIG.    7.      ROLLING    CHANNELS. 


FIG.    8.      FANCY    MO  LDINGS,    ROLLED. 

In  Germany  many  sections  of  fancy  molding  (Fig.  8)  are  rolled 
and  sold  for  prices  ranging  from  $100  to  $200  a  ton.  Such  work 
has  not  appealed  to  the  American  rolling  mills,  because  there  are 
but  limited  tonnages  of  each  section,  and  also  because  the  carving 
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of  the  rolls  for  such  work  is  laborious  hand  work,  which  Germany 
and  some  of  the  other  continental  countries  with  their  cheap  labor, 
are  especially  fitted  to  handle.  American  mills  are  specialized  mills, 
and  they  are  almost  all  striving  for  tonnage.  It  is  difficult  for  some 
people  not  in  the  business  to  understand  why  a  mill  should  want 
$5  to  $10  extra  per  ton  for  some  special  section,  besides  making 
the  customer  pay  for  the  cost  of  the  rolls.  The  writer's  own  ex- 
perience has  been,  that  very  little  money  can  be  made  on  a  small 
order  which  demands  a  special  rolling,  even  if  the  section  is  a 
standard  one.  The  fixed  charges,  the  delays  due  to  setting  the  rolls 
and  getting  the  order  started,  raise  the  cost  in  a  surprising  manner. 
On  the  other  hand,  give  a  rolling  mill  today  a  bona  fide  order  for 
five  to  ten  thousand  tons  of  even  a  very  difficult  and  unusual  section, 
there  are  mills  so  equipped  that  they  will  be  glad  to  take  it  at  a  very 
reasonable  price,  expecting  to  get  their  cost  minimized  on  account 
of  the  size  of  the  order. 

When  first  interested  in  the  manufacture  of  tie  plates,  the  writer 
noticed  that  there  were  two  main  types  of  these  made  of  rolled  steel. 
One  with  the  flanges  on  the  bottom,  and  the  other  with  a  shoulder  on 
top  to  take  the  thrust  of  the  flange  of  the  rail.  Plates  without 
either  the  flanges  or  the  shoulder  were  seldom  used  and  it  was  evident 
that  a  large  number  of  the  tie  plate  users  desired  both  the  flanges 
and  the  shoulder,  but  being  unable  to  get  both  in  a  rolled  section, 
took  their  choice ;  some  the  shoulder,  others  the  flanges.  This 
naturally  led  to  a  study  of  the  proposition,  and  in  the  ignorance 
of  the  writer,  he  could  not  see  why  there  was  not  a  fair  chance, 
at  least,  of  being  able  to  roll  a  plate  with  both  the  shoulder  and  the 
flanges.  However,  there  were  a  number  of  reasons  given  as  to  why 
this  could  not  be  done.  One  was  that  it  would  be  impossible  to 
reduce  the  section  enough  in  one  pass  to  get  such  a  shoulder  as  was 
required.  Another  was  that  the  roll  itself  would  "spall"  at  the 
shoulder.  The  third,  that  the  reduction  in  the  body  of  the  plate 
would  be  much  more  than  it  would  be  possible  to  put  on  the  flanges, 
thus  causing  the  flanges  to  break.  We  experimented  only  a  short 
while  until  we  were  convinced  that  we  would  be  able  to  meet  the 
demands  of  the  engineers,  but  in  order  to  do  this,  it  was  necessary 
to  do  what  all  our  friends  in  the  rolling  mill  business  had  told  us 
was  impossible.    We  rolled  tie  plates,  y%  in.  thick  with  a  Y%  in.  per- 


FTG.      9.      TIE  PLATE  BAR,  SHOWING  SLIP  IN  ROLLING. 

SHOULD    BE    EQUAL. 


SPACES   BETWEEN   SHOULDERS 
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pendicular  shoulder,  and  in  order  to  do  this,  it  is  evident,  even  to 
the  casual  observer,  that  it  is  necessary  to  reduce  the  section  by 
over  50%  in  the  finishing-  pass.  In  practice,  this  reduction  is  as 
much  as  60  to  70%.  To  a  mill  man  used  to  only  10  to  20%  reduc- 
tion in  the  finishing-  pass,  this  looked  impossible.  There  was  found 
in  practice  two  difficulties  which  bothered  us.  One  was  the  irregu- 
larities between  the  shoulders,  Fig.  9.  That  is,  when  roll- 
ing a  bar  of  platen  that  was  supposed  to  be  8  in.  between  the 
shoulders,  if  the  top  and  the  bottom  rolls  were  not  properly  pitched, 
and  all  other  conditions  were  not  perfect,  there  would  be  a  slip  in 
the  rolling,  so  that  one  roll  and  then  the  other  seemed  to  govern 
the  speed  of  the  piece.  Again,  the  reductions  are  so  excessive  that 
at  times  when  a  new  smooth  roll  is  put  in  the  mill,  the  speed  of  the 
piece  will  no  longer  be  governed  by  the  peripheral  speed  of  the 
rolls,  with  the  result  that  some  plates  are  practically  half  of  the  length 
they  should  be.  As  knowledge  of  these  conditions  has  been  gained, 
it  has  been  possible  to  keep  these  variations  within  reasonable  limits. 
Another  trouble  was  from  the  piece  buckling  as  it  left  the  rolls. 
This  seems  to  be  caused  by  the  difference  in  the  reduction  on  the 
bar  at  the  shoulder  and  at  other  points  along  the  bar.  As  it  is 
absolutely  necessary  that  the  base  of  the  rail  should  have  a  good 
bearing  in  front  of  the  shoulder,  at  first  we  straightened  every 
plate.  It  then  occurred  to  us,  that  as  the  place  a  tie  plate  usually 
failed  was  at  the  shoulder,  it  would  be  well  to  cut  away  the  top 
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FIG.    10.      ROLLING   M  KEE  TIE   PLATES. 


roll,  as  shown  by  dotted  line  in  Fig.  10.  This  left  the  plate  flat  on 
the  top  surface  and  with  a  swell  or  reinforcement  on  the  bottom 
side.  In  this  way  and  at  the  same  time,  we  were  enabled  to  get 
around  our  difficulty  and  give  the  railway  engineers  the  plates  re- 
inforced at  their  weakest  point.  In  rolling  sections  of  this  kind 
it  is  of  course  necessary  to  make  the  controlling  circumference  of 
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the  rolls  a  multiple  of  the  length  desired  in  the  hot  tie  plates. 
This  is  not  as  serious  a  matter  in  rolling  tie  plates  as  it  is  in  the 
rolling  of  reinforced  splicebars  for  rail  joints;  the  length  of  a  rail 
joint  splicebar  is  such  that  it  is  hard  always  to  get  a  roll  of  the 
correct  diameter  to  accommodate  the  lengths  required. 

Rail  joint  splicebars  have  demanded  considerable  rolling  mill  in- 
genuity. The  "continuous  rail  joint,"  Fig.  n,  is  rolled  with  flanges 
turned  out,  and  in  the  last  pass,  it  has  been  the  customary  practice, 
I  believe,  in  some  mills  to  bend  it  into  final  shape,  while  in  other  mills 
it  is  bent  into  its  final  shape  after  it  has  been  cut  to  length. 


FIG.    II.      CONTINUOUS    RAIL    JOINT. 


^^^^^^^^^ 


FIG.  12.      TIE  PLATES,  THAT  ARE  NOT  COMMERCIAL  PROPOSITIONS  FOR  ROLLING  MILLS. 

We  have  been  requested  many  times  to  roll  tie  plates  and  similar 
products  which  had  projections  or  grooves  which  were  not  in  the 
direction  of  the  rolling,  and  when  the  rolls  for  such  sections  could 
not  be  commercially  machined  by  any  process  with  which  we  are 
acquainted,  yet  in  a  number  of  instances  we  have  found  other  mills 
offering  to  roll  such  sections.     This  mistake  is  often  made  by  the 
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person  looking  at  the  section  desired  and  figuring  out  how  the  rolls 
could  be  machined  without  stopping  to  fully  consider  that  the  rolls 
are  really  the  matrix  for  the  section  to  be  formed,  in  other  words, 
that  where  there  is  a  projection  on  the  section  there  must  be  a  corres- 
ponding groove  in  the  roll. 

Two  types  of  such  plates  are  shown  in  Fig.  12.  The  plate  with 
the  circular  flange  on  the  bottom  is  such  that  it  would  be  very 
hard  to  mill  the  rolls,  and  when  this  is  done,  it  would,  in  the  opinion 
of  the  writer,  be  impossible  to  develop  this  flange  Y%  in.  long  at  the 
different  points.  Again  the  top  side  shows  a  shoulder  which  is  very 
thick  at  the  base,  but  which  does  not  extend  clear  across  the  plate. 
It  would  be  necessary  to  roll  this  clear  across  the  plate  and  then  cut 
it  off  through  its  thick  portion. 

The  plate  with  the  corrugated  top  can  be  made,  but  the  rolls 
cannot  be  commercially  milled  to  the  form  required,  but  would  have 
to  be  hand  chipped  in  a  number  of  places.  That  is,  the  bearing  sur- 
faces "AA,"  which  are  the  raised  portions  on  the  plate,  are  the 
depressions  which  must  be  milled  out  or  cut  into  the  rolls.  The  plates 
in  question  show  sharp  angles  at  line  "A."  This  would  naturally  have 
a  radius  of  at  least  one  inch,  on  account  of  the  diameter  of  the  milling 
cutter,  and  the  corner  would  have  to  be  chipped  out. 

What  can  be  done  with  steel  of  course  largely  depends  on  the 
quality  of  the  material  which  is  used  and   the  way   it  is   treated. 


FIG.     I  3-     TIE  PLATES,  ROLLED   FROM    SCRAP   METAL. 

Many  times  material  is  used  because  it  is  convenient,  although  it 
is  known  to  be  unfit  for  the  purpose.  Some  tie  plate  manufacturers 
are  rolling  tie  plates  from  scrap  with  such  result  as  shown  in  Fig. 
13.  Such  material  can  at  best  produce  only  a  questionable  product, 
as  it  is  impossible  to  produce  a  homogeneous  material. 

For  a  number  of  years  we  have  been  asked  to  roll  a  tie  plate  as 
shown  in  Fig.  14,  and  have  always  said  it  was  not  a  commercial 
proposition.     The  reason  for  saying  this  was  that  there  was  only  a 
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small  tonnage  in  sight,  and  the  proportionate  cost  for  special  equip- 
ment and  experimental  work  would  be  excessive.  Now  the  matter 
is  up  again  with  prospects  of  a  large  tonnage,  and  we  are  ready  to 
roll  the  plate,  believing  that  we  can  put  it  on  the  market  in  large 
quantities  at  a  price  at  which  there  will  be  a  demand  for  it. 


FIG.    14.      NEW  TIE  PLATE  SECTION. 

Rolled  sections  must  always  compete  with  cast  ones.  This  is 
usually  not  hard  to  do,  as  they  can  always  be  rolled,  if  at  all,  at 
prices  below  that  at  which  steel  or  good  malleable  castings  can  be 
made.  One  of  the  difficult  things  to  compete  with,  on  account  of 
the  low  price,  is  a  so  called  malleable  casting,  that  cannot  safely  be 
thrown  from  the  cars,  on  account  of  the  danger  of  breaking. 


FIG.    15.      MALLEABLE   CAST,   TIE    PLATES. 


When   rolled  sections  are  bought,  it  is  very   easy  to  make  a   few 
tests  and  be  assured  that  practically  every  piece  will  come  within 

Vol.  XIV.    No.  6 


Discussion — Rolling  of  Special  Sections  741 

the  range  of  these  tests.  This  is  not  true  as  to  malleables,  and  it 
is  impossible  to  tell  whether  a  particular  casting  is  "pot  metal"  or 
malleable  iron  until  it  is  tried.  A  number  of  railroads  have  found 
this  out,  to  their  sorrow. 

DISCUSSION. 

President  Allen:  The  subject  of  the  paper  of  the  evening  has 
come  into  great  prominence  of  late  years.  It  used  to  be  sufficient 
to  roll  bars  of  uniform  cross-section,  beams,  channels,  flats,  and  rods, 
when  the  uses  of  engineering  works  did  not  require  more  complicated 
rolls.  Of  recent  years,  however,  especially  through  the  introduction 
of  tie  plates,  and  the  deformed  bars  for  reinforced  concrete,  there 
has  come  a  demand  for  more  complicated  rolled  sections,  and  the 
ingeniuty  of  our  rolling  mills  has  been  taxed  to  produce  them.  Mr. 
McKee  has  told  us  of  a  few  of  the  things  that  have  been  done.  The 
work  is,  however,  in  an  experimental  stage,  and  it  is  hard  to  predict 
what  may  be  accomplished  along  these  lines.  The  paper  is  now  open 
for  discussion. 

G.  F.  Dodge,  m.w.s.e.  :  On  page  734  the  speaker  of  the  evening 
says  something  in  regard  to  being  unable  to  roll  a  third  projection  on 
a  channel.  I  am  wondering  why  that  could  not  be  rolled,  taking  the 
second  method,  Fig.  7,  and  with  that  having  the  middle  projection 
already  rolled  in  the  form  of  a  T,  and  then  reducing  the  final  flange 
and  bending,  as  in  the  second  method.  Would  it  be  possible  to  do 
that? 

Mr.  McKee :  In  giving  an  edging  pass,  the  rolls  are  divided  on 
the  center  of  the  piece,  thus  developing  the  center  leg.  If  the  main 
body  of  the  piece  is  not  straight,  it  would  be  difficult  to  hold  the  piece 
in  the  edging  pass. 

Mr.  Dodge :  My  thought  was  that  the  middle  flange  would  be 
edged  and  brought  out  to  something  more  than  the  necessary  height 
as  a  T,  before  starting  to  butterfly. 

Mr.  McKee :  I  think  you  would  find  that  this  would  take  so  many 
passes  you  would  loose  the  other  leg. 

James  E.  Jones :  It  depends  entirely  on  the  width  of  the  section 
wanted.  If  you  get  it  within  eight  inches  it  might  be  possible  to  put 
a  flange  on  the  third  projection. 

Mr.  McKee:  If  the  usual  type  of  tie  plates  are  considered,  it  is 
customary  to  make  these  inner  legs  quite  short,  in  comparison  with. 
the  outstanding  legs.  The  only  thing  we  do  is  to  reinforce  the  bar  and 
try  to  shove  the  extra  metal  down  into  the  groove  at  the  bottom,  while 
the  legs  at  the  edge  of  the  bar  can  be  developed  by  having  the  rolls 
divided  at  the  bottom  of  the  legs.  That  is  really  what  I  meant  to 
bring  out.  It  is  possible  that,  under  certain  conditions,  the  scheme 
you  suggest  might  work. 

A  Visitor :  What  would  be  the  object  of  that  additional  leg,  out- 
side of  the  tie  plate. 
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Mr.  McKee :  I  do  not  know.  There  are  so  many  different  sec- 
tions coming  up.  For  instance,  the  mills  are  asked  to  try  to  roll  a 
door-hanger  something  like  this  "  Q."  That  can  be  formed  up,  but 
it  is  not  a  rolling-mill  proposition.  The  different  propositions  that 
are  put  up  to  the  rolling-mill,  with  different  kinds  of  projections, 
are  legion,  and  a  great  many  that  are  being  rejected  today  are  going 
to  be  rolled  next  year,  because  the  rolling-mill  men  can  do  more  than 
they  think  they  can  do.  This  will  be  possible,  also,  because  the 
larger  tonnage  will  justify  it. 

6'.  T.  Smetters,  m.w.s.e.  :  Referring  to  Fig.  10;  what  is  the  pres- 
sure per  square  inch  on  the  rolls?  Do  you  have  to  have  the  metal 
special  ? 

Mr.  McKee:  We  reduce  the  metal  from  1%  to  1%  in.  down  to 
Y%  in.  thick  in  one  pass,  and  have  never  broken  a  roll.  That  is  all 
I  can  say. 

Mr.  Smetters :  What  is  the  horse  power,  compared  with  ordinary 
rolling  ? 

Mr.  McKee :  I  have  not  carried  on  experiments,  enough  to  know. 
The  whole  thing  is  excessive.  It  cannot  be  a  perfect  bar  at  that, 
because  one  cannot  make  the  reduction  on  the  flanges  that  he  can  in 
the  body  of  the  plate;  therefore,  the  metal  is  not  as  well  worked  as 
it  ought  to  be ;  there  is  more  or  less  rupture.  We  do  it,  but  that  is 
all  I  can  say. 

President  Allen :  Are  any  of  those  tie  plates  hot-stamped  instead 
of  rolled?    Has  that  been  tried? 

Mr.  McKee :  It  was  tried  years  ago,  by  the  Avery  people,  of 
Cleveland,  but  it  is  not  now  commercially  done  at  all. 

President  Allen :  Of  course  it  might  be  possible,  with  the  hot- 
stamping  process,  to  produce  plates  that  could  not  be  rolled,  but  I 
presume  that  the  cost  would  be  more  than  for  rolled  tie  plates. 

O.  P.  Chamberlain,  m.w.s.e.  :  In  Fig.  9  is  shown  the  plate  bar  with 
a  great  variation  between  the  flanges,  due  to  the  slip.  While  I  sup- 
pose I  am  exposing  my  ignorance  in  regard  to  rolling-mill  methods, 
yet  the  author  of  the  paper  has  said  that  the  principle  to  go  on,  is 
"to  work  on  the  supposition  that  everything  can  be  done  until  it  has 
been  shown  that  it  cannot  be  done."  I  am  wondering  whether  any 
attempts  have  been  made  to  control  the  speed  of  the  rolls  so  that 
both  rolls  will  be  moved  alike?  That  is,  so  the  rolling  can  be  done 
without  interfering  with  the  pressure  of  the  rolls? 

Mr.  McKee :  If  you  refer  to  Fig.  10,  it  is  the  desire  to  make  the 
rolls  of  such  diameter  that  the  controlling  diameter  of  the  top  and 
bottom  rolls  would  be  exactly  the  same,  so  that  the  two  will  tend  to 
make  the  piece  travel  at  the  same  rate.  In  usual  practice  we  make 
the  bottom  roll  of  chilled  iron,  because  it  will  stand  up  the  best, — I 
mean  it  will  take  the  smoothest  finish,  etc. — while  the  top  roll  is 
made  of  steel  because  we  find  it  impracticable  to  mill  those  grooves 
in  the  chilled  iron  roll.  The  steel  will  roughen  up  very  quickly, 
while  the  chill  stays  smooth.  If  the  outside  diameter  of  the  rolls  is 
made  exactly  the  same,  when  the  rolling  is  started  it  is  probable  that 
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the  bottom  roll — the  chilled  roll — will  hold  the  piece  back,  on  account 
of  the  smaller  diameters,  where  the  bottom  of  the  legs  go  into  the 
roll,  but  as  soon  as  the  top  roll  gels  roughened  up,  it  may  govern 
that  speed  entirely  on  account  of  its  being  rougher  than  the  bottom 
roll.  Of  course  that  would  not  make  much  difference  in  the  length. 
A  variation  such  as  shown  in  the  last  cut,  does  not  come  by  being 
controlled  by  one  roll  or  the  other.  The  only  explanation  to  that,  is 
that  part  of  the  time  the  metal  did  not  move  at  all,  or  that  when  it 
did  move  there  was  a  slippage,  and  it  did  not  go  with  the  speed  of  the 
roll.  We  seldom  have  that  happen,  but  it  occures  sometimes  when 
we  put  in  a  new  roll,  when  possibly  there  is  grease  on  the  roll.  We 
have  had  very  few  instances  as  bad  as  the  one  I  showed  you,  but  to 
get  the  true  diameters  of  those  rolls  so  they  will  worl^;  absolutely 
harmoniously,  is  rather  difficult.  The  surface  of  the  top  roll  is  much 
different  from  the  bottom  roll,  the  one  having  the  shoulder  across 
it  and  the  other  having  the  flanges  around  it. 

It  is  the  usual  rolling-mill  practice  to  use  one  or  another  of  three 
different  kinds  of  rolls, — one  being  a  gray  iron  casting,  which  is  a 
sand  casting  made  simply  out  of  good  charcoal  iron ;  another  kind 
of  roll  is  the  chilled  roll,  in  which  the  surface  of  the  roll  to  a  depth 
of  I  to  2  inches  is  chilled ;  the  third  roll  is  a  steel  casting.  The  chilled 
roll  gives  the  nicest  finish  of  all ;  the  steel  roll  is  stronger  than  either 
of  the  other  two,  but  roughens  up  easily ;  the  sand  roll  is  the  cheapest 
of  all  and  is  easiest  to  turn.  Each  has  its  peculiar  function  to  per- 
form. 

A  Visitor :  Referring  to  the  German  practice  of  rolling  sections 
of  fancy  molding,  I  suppose  one  roll  forms  the  fancy  part  of  sec- 
tion and  the  other  is  comparatively  plain. 

Mr.  McKee :  In  most  of  those  moldings  there  is  only  surface 
work,  with  no  real  depth  to  the  work,  and  instead  of  60  to  70  per 
cent  there  is  only  a  small  reduction ;  furthermore,  if  a  slip  should 
occur  I  do  not  think  it  would  make  any  real  difference,  for  with  the 
figures  in  one  case  6  in.,  and  in  another  6^  in.  long,  probably  it 
would  make  no  difference,  but  the  principal  reason  that  you  would 
not  have  trouble,  is  that  the  reduction  is  very  slight.  The  moldings 
shown  are  probably  among  the  cheapest  that  are  made. 

G.  T.  Bunker,  m.w.s.e.  :  I  would  ask  if  it  is  possible  to  roll  sec- 
tions heavier  than  shown?  For  instance,  6-in.  angle-bars  with 
flanges  1%  in.  thick? 

Mr.  McKee :  Yes,  it  is  perfectly  practicable.  They  can  be  pur- 
chased in  open  market. 

George  M.  Mayer,  m.w.s.e.  :  Is  there  much  of  that  special  sheet 
piling  made  at  the  present  time  ? 

Mr.  McKee :  Yes,  quite  a  large  tonnage  of  the  section  shown  is 
being  made,  and  a  number  of  other  sections  somewhat  different,  each 
steel  plant  trying  to  get  up  something  different  from  the  other  one, 
and  quite  a  large  tonnage  is  sold. 
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President  Allen:  I  suppose  the  lips  on  the  girder  rails  used  in 
this  city  are  turned  over  in  the  finishing  pass. 

Mr.  Jones :  In  some  cases  they  are,  and  in  other  cases  the  grooves 
are  put  in  something  similar  to  the  "Gray  Bethlehem"  mill.  In  the 
rails  used  here  the  grooves  are  put  in  by  a  side  roll. 

Geo.  W.  Brady,  jun.m.w.s.e.  :  Is  it  not  possible  to  put  the  pro- 
jections on  the  inside  of  the  chill,  so  that  the  chilled  roll  as  cast 
would  be  in  shape  at  the  time,  and  would  not  have  to  be  machined  ? 

Mr.  McKee :  It  would  be  impossible  to  cast  them  true,  and  even 
if  they  were  true  it  is  necessary  to  turn  them  up  in  order  to  get  a 
finished  surface.  It  is  also  necessary  to  turn  up  the  rolls  for  each 
dressing. 
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THE  CHICAGO  HARBOR 
By  John  M.  Ewen,  m.w.s.e. 
Presented  September  15,  1909. 

Water  transportation  has  played  a  much  larger  part  in  the  devel- 
opment of  Chicago  than  most  persons  realize.  While  the  importance 
of  water  traffic  for  Chicago  has  seemed  to  be  ebbing  during  the  past 
decade  I  believe  a  revival  is  in  sight  and  that  water  transportation  in 
the  future  is  to  contribute  more  to  the  progress  of  Chicago  and  the 
community  tributary  to  it,  than  it  has  in  the  past. 

Chicago,  Buffalo  and  Duluth  occupy  the  three  positions  of  great- 
est strategic  advantage  with  reference  to  water  transportation  upon 
the  Great  Lakes.  Buffalo  stands  at  the  point  of  transfer  between  the 
Great  Lakes  and  the  canal  and  rail  lines  to  the  East.  Duluth,  besides 
being  at  the  northwest  terminus  of  lake  transportation,  is  surrounded 
by  immense  deposits  of  iron  ore.  Chicago,  located  at  the  foot  of 
Lake  Michigan  is  possessed  of  a  far  richer  hinterland  than  Duluth 
can  ever  expect  to  have.  It  has  exceptional  opportunities  as  a  dis- 
tributing and  manufacturing  center.  The  region  about  Chicago,  in 
agricultural  resources,  is  one  of  the  richest  in  the  world.  Abundant 
coal  supplies  are  not  far  away  and  the  iron  ore  of  the  Lake  Superior 
region  can  be  brought  to  this  area  so  cheaply  by  water  transporta- 
tion as  to  make  Chicago  the  natural  meeting  place  for  the  coal  and 
the  iron  ore. 

With  the  development  of  the  Erie  canal  Chicago  became  the  west- 
ern terminus  of  water  transportation.  It  thus  became  the  greatest 
grain  shipping  center  of  the  West.  The  presence  of  immense  timber 
supplies  in  Michigan,  Wisconsin,  Minnesota  and  Canada  adjacent 
to  the  Great  Lakes  made  possible  the  utilization  of  water  transpor- 
tation for  lumber.  It  was  because  of  its  location,  that  Chicago  be- 
came the  greatest  lumber  center  in  the  world  and  the  bringing  in  of 
lumber  in  large  quantities  naturally  contributed  to  the  development 
of  manufacturing  in  lines  in  which  lumber  is  the  principal  raw 
material. 

It  was  the  commerce  and  industry  developed  by  location  on  the 
water  which  made  Chicago  the  mecca  for  the  railroads  so  that  today 
this  city  is  the  greatest  railroad  center  in  the  world.  Chicago's  su- 
premacy as  a  railroad  center,  in  other  words,  is  indirectly  due  to  its 
earlier  supremacy  as  a  water  transportation  center. 

Even  the  despised  Illinois  and  Michigan  canal — the  "tadpole 
ditch," — has  played  in  the  past  a  more  important  part  than  is  com- 
monly realized.  This  canal  in  earlier  days  carried  a  large  volume  of 
traffic  and  was  an  important  factor  in  maintaining  low  railroad  rates 
to  and  from  Chicago. 

When  the  Lakes-to-the-Gulf  Waterway  shall  have  been  com- 
pleted and  when  the  improved  water  routes  from  the  Great  Lakes 
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to  the  Atlantic  Ocean  shall  be  a  reality — whether  by  an  enlarged 
Erie  canal,  by  the  St.  Lawrence  route,  or  by  the  proposed  Georgian 
Bay  ship  canal,  or  all  three — Chicago  will  be  in  a  position  again  to 
profit  tremendously  by  its  advantageous  location  with  reference  to 
water  transportation. 

In  order  to  derive  the  benefit  which  is  its  due,  however,  Chicago 
must  be  prepared  to  take  advantage  of  the  opportunities  open  to  it. 
This  involves  tremendous  development  in  the  way  of  harbor  and 
dock  improvements. 

In  the  early  days  of  water  transportation  the  craft  navigating  the 
Great  Lakes  and  even  more  those  navigating  the  Illinois  and  Michi- 
gan canal,  were  small  in  size.  They  did  not  require  deep  water  nor 
expensive  dock  facilities.  Moderate  improvement  of  the  river  suf- 
ficed to  attract  to  this  location  tremendous  volumes  of  traffic.  The 
improvements  of  earlier  days  were  sufficient  to  the  needs  of  those 
days. 

It  is  interesting  to  note  that  more  than  forty  years  ago  the  au- 
thorities were  planning  elaborate  harbor  developments.  Government 
engineers  in  the  "sixties" recommended  the  building  of  a  harbor  on 
the  Lake  Front  and  in  furtherance  of  that  recommendation  pro- 
tecting breakwaters  were  built.  In  the  controversy  and  litigation 
between  the  public  and  the  Illinois  Central  railroad  over  the  question 
as  to  who  should  control  the  proposed  harbor,  the  improvement  was 
blocked.  A  few  docks  were  built  on  the  Lake  Front,  but  in  the  main 
the  project  of  forty  years  ago  has  been  abandoned  and  the  area  in 
question  is  now  devoted  to  park  purposes. 

Chicago  in  recent  years  has  been  losing  its  lake  commerce.  .  Per- 
haps if  the  development  of  earlier  years  had  been  carried  out  as 
planned  the  story  might  have  been  different.  While  to  some  extent 
the  commerce  of  Chicago  has  declined  because  of  the  natural  falling 
off  of  the  supply  of  some  of  the  commodities  of  lake  commerce — 
notably  lumber — it  is  undoubtedly  true  that  better  facilities  would 
have  meant  more  water  traffic.  It  is  significant  that  the  Chicago 
river  harbor  is  the  only  one  showing  decline  of  water  traffic.  The 
movement  of  freight  on  the  Great  Lakes  has  increased  tremen- 
dously in  the  past  decade.  Milwaukee,  Duluth,  Cleveland  and  Buffalo 
all  show  large  increase  in  tonnage.  The  port  of  Chicago  has  just 
about  held  its  own  during  the  past  ten  years.  Chicago  proper  shows 
a  large  decline.  The  water  traffic  for  the  port  as  a  whole  has  re- 
mained constant  because  the  commerce  of  South  Chicago  has  in- 
creased by  about  the  same  amount  that  that  of  Chicago  proper  has 
fallen  off. 

There  are  signs  that  the  city  is  awakening  to  the  importance  of 
water  transportation.  The  vessel  men  and  the  dealers  in  the  few 
commodities  of  heavy  lake  traffic,  who  heretofore  have  been  waging 
the  battle  for  river  improvement  practically  alone,  are  now  receiving 
the  support  of  the  public  authorities  and  of  public  opinion.  The  ap- 
pointment by  Mayor  Busse  of  the  Harbor  Commission  was  one 
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evidence  of  this  reawakening.  The  Harbor  Commission  after  more 
than  a  year  of  work  upon  the  subject,  submitted  to  the  Council  on 
March  i,  last,  a  report  recommending  a  comprehensive  plan  of  har- 
bor development.  The  city  administration  and  the  Council  Commit- 
tee on  Harbors,  Wharves  and  Bridges  are  now  dealing  with  these 
various  recommendations  with  a  view  to  carrying  them  into  effect 
as  speedily  as  possible. 

The  subjects  first  to  receive  attention  are  those  of  center  pier 
bridges  and  the  development  of  docks  north  of  the  mouth  of  the 
river. 

For  years  the  street-car  tunnels  under  the  river  were  serious  ob- 
stacles to  navigation,  and  prevented  vessels  entering  the  river  loaded 
to  their  full  capacity.  After  years  of  agitation,  these  obstacles  to 
navigation  were  removed.  The  center  pier  bridges,  however,  re- 
mained. The  agitation  for  their  removal,  and  the  substitution  for 
them  of  bridges  of  the  bascule  type  has  been  carried  on  for  a  num- 
ber of  years.  Recently  some  of  these  old  bridges  have  been  taken 
out  and  new  bridges  of  the  bascule  type  having  a  clear  span  of  140 
feet  at  the  water  line  have  been  substituted  in  their  place. 

The  Harbor  Commission  was  of  the  opinion  that  the  bridges,  in- 
stead of  being  140  feet  in  the  clear,  should  be  200  feet.  The  prob- 
lem confronting  the  city  at  this  time  is,  not  only  to  do  away  with 
the  center  pier  structures,  but  to  get  in  their  place  bridges  adequate 
for  the  needs  of  the  future.  The  War  Department  has  already  fixed 
a  date  within  which  the  bridges  at  Lake  street  and  Indiana  street 
must  be  removed.  The  city  administration  and  the  Council  Com- 
mittee on  Harbors,  Wharves  and  Bridges  are  now  dealing  with  this 
matter  with  a  view  to  making  arrangements  for  the  best  type  of 
structure  that  can  be  devised.  Within  a  few  years  the  policy  of 
harbor  improvement  should  make  it  possible  for  the  largest  vessels 
navigating  the  Lakes  to  enter  the  main  river  and  its  branches  and 
traverse  them  for  as  great  a  distance  as  the  interests  of  shipping 
call  for. 

The  Harbor  Commission,  created  by  resolution  of  the  City  Council 
and  appointed  by  Mayor  Busse,  was  directed  primarily  to  consider 
the  question  as  to  how  much  of  the  Lake  Front  should  be  reserved 
for  future  harbor  uses.  The  Commission  was  of  the  opinion  that 
extensive  reservations  should  be  made  south  of  Grant  Park,  but  it 
did  not  recommend  the  immediate  construction  of  harbors  in  that 
vicinity.  Its  suggestion  was,  that  the  contemplated  park  improve- 
ments for  that  area  be  so  carried  out  as  to  permit  of  later  adaptation 
for  harbor  uses,  if  found  necessary. 

The  Commission  was  of  the  opinion,  however,  that  piers  pro- 
jecting into  Lake  Michigan  north  of  the  mouth  of  the  river  should 
be  constructed  as  speedily  as  possible.  These  piers  would  be  intended 
primarily  for  the  accommodation  of  passenger  and  package  freight 
boats.  The  passenger-carrying  vessels  are  now  doing  business  in 
the  port  of  Chicago  under  very  great  difficulties.     It  is  important 
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that  the  facilities  for  these  boats  be  increased.  With  the  construc- 
tion of  a  street-car  line  running  to  the  piers,  the  location  north  of  the 
mouth  of  the  river  would  be  well  adapted  to  passenger  boat  purposes. 

The  package  freight  boats  now  have  their  docks  at  various  places 
in  the  Chicago  river.  Most  of  them  have  insufficient  room  for  the 
proper  transaction  of  their  business.  New  boats  that  might  desire 
terminal  facilities  in  the  port  of  Chicago,  whether  for  the  passenger 
Or  package  freight  business,  would  find  serious  difficulty  in  securing 
the  desired  accommodations.  With  the  construction  of  piers  north 
)f  the  mouth  of  the  river,  adequate  facilities  could  be  provided  foi 
the  passenger  and  package  freight  boats  now  doing  business  in 
Chicago.  This  location  probably  will  not  provide  facilities  sufficient 
for  all  time  to  come.  But  the  thing  to  do  now  is  to  provide  these 
facilities  as  soon  as  possible,  and  then  take  up  for  consideration 
the  question  as  to  what  shall  be  done  when  these  piers  shall  be 
utilized  to  their  limit  of  capacity. 

The  Council  Committee  on  Harbors,  Wharves  and  Bridges  is  now 
considering  the  questions  of  policy  involved  in  the  carrying  out  of 
this  project.  The  main  question  is  as  to  whether  the  city  itself  shall 
build  and  own  the  docks,  or  whether  it  shall  allow  a  private  cor- 
poration to  construct  and  manage  them. 

While  removal  of  center  pier  bridges  and  the  construction  oi 
docks  north  of  the  mouth  of  the  river  are  the  two  problems  of  most 
pressing  importance  in  connection  with  dock  matters,  they  are  by  no 
means  the  only  ones  demanding  attention.  Harbors  are  classified  as 
of  two  kinds,  Commercial  and  Industrial.  The  harbor  north  of  the 
mouth  of  the  river  would  be  a  commercial  harbor.  For  Chicago  and 
the  area  tributary  thereto,  what  is  known  as  Industrial  Harbor 
Development  is  quite  as  important  as  Commercial  Harbor  Develop 
ment.  The  branches  of  the  Chicago  river,  the  Sanitary  District 
canal,  the  Calumet  river  and  its  branches  and  Lake  Calumet  all 
afford  many  excellent  factory  sites  in  locations  having  both  water 
and  rail  transportation.  In  some  cases  the  channels  need  widening 
and  dredging.  In  particular,  there  is  a  project  on  foot  for  deepening 
and  improving  Lake  Calumet,  filling  in  large  portions  thereof,  and 
thus  providing  a  system  of  docks  within  a  landlocked  harbor  that 
shall  afford  exceptional  opportunities  for  industrial  development. 

The  new  steel  plant  at  Gary,  Indiana,  means  that  cheap  iron  and 
steel  will  be  available  in  the  Chicago  district  for  manufacturing  con- 
cerns that  use  those  products  as  raw  materials.  This  should  signify 
much  for  the  future  of  Chicago  as  a  manufacturing  center. 

The  Harbor  Commission  in  its  report  took  the  position  that  the 
entire  area  from  Waukegan  on  the  north  to  Gary  on  the  south 
should  be  regarded  as  a  single  industrial  community,  with  Chicago 
as  its  natural  center.  No  development  can  take  place  in  any  part  of 
this  area  without  benefiting  the  whole.  The  Harbor  Commission, 
therefore,  very  properly  recommended  that  Chicago  should  take  the 
leadership  of  the  movement  for  improving  the  water  transportation 
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facilities,  both  commercial  and  industrial,  of  this  entire  area. 

If  the  recommendations  of  the  Harbor  Commission  be  carried  out, 
and  if  the  water  terminal  facilities  of  the  community  be  speedily 
improved,  it  is  unquestionable  that  the  public  will  gain  much  thereby. 

While  the  Harbor  Commission  was  not  called  upon  to  work  out 
any  detailed  engineering  plans  for  a  harbor,  it  did  touch  upon  some 
of  the  more  important  engineering  matters  and  recommended  that 
they  be  carried  out  by  the  proper  authorities. 

First  Recommendation. 

The  first  recommendation  is  that  a  survey  be  made  of  the  dock 
lines  on  the  Main  river  and  the  South  and  North  branches  of  the 
Chicago  river,  the  Lake  Front  and  the  Calumet  river  and  the  deter- 
mination thereby  of  all  rights  of  ownership.  There  are  no  surveys 
of  this  nature  in  existence.  Those  that  are  made,  show  present  oc- 
cupancy which  do  not  necessarily  represent  ownership. 

Other  Recommendations. 

(a)  Widening  the  Main  river  to  250  feet. 

(b)  Completing  the  work  of  widening  the  South  branch  to  a 
minimum  of  200  feet. 

(c)  Replacing  center-pier  and  narrow  span  bridges  on  the  Main 
river  and  the  South  branch  with  bridges  having  a  clear  span  of  200 
feet  with  straight  bottom  chords  instead  of  arched  chords. 

(d)  Cutting  off  the  elbow  at  Rush  street  on  the  south  side  of  the 
river. 

(e)  Cutting  off  the  projecting  elbow  south  of  the  Chicago  and 
Northwestern  railway  bridge  at  the  northeast  angle  of  the  main 
forks,  and  making  a  turning  basin  at  the  present  forks  of  the  river. 

(f)  Straightening  the  river  from  Twelfth  to  Sixteenth  streets. 

(g)  Illuminating  the  river  by  electricity  for  navigation  at  night, 
(h)     Diminishing  the  current,  especially  in  that  portion  of  the 

river  between  Lake  street  and  Twenty-first  street. 

(i)  The  establishment  of  a  number  of  public  docks  on  the  river 
situated  at  localities  convenient  for  the  distribution  of  freight. 

Chicago  River  (North  Branch). 

(a)  A  technical  engineering  study  for  the  purpose  of  outlining 
a  detailed  plan  for  the  progressive  improvement  of  the  North 
branch. 

(b)  Straightening  the  channel  at  some  points,  especially  between 
Clybourn  and  Bloomingdale  avenues,  at  North  avenue,  and  between 
Webster  avenue  and  the  crossing  of  the  Milwaukee  division  of  the 
Chicago  and  Northwestern  railroad. 

(c)  Widening  to  200  feet  of  the  North  branch  as  far  as  it  can 
be  done  in  a  practical  and  economical  manner. 

(d)  Replacing  center  pier  bridges  with  modern  bascule  bridges 
without  abutments  extending  into  the  river. 

Vol.  XIV.    No.  6 


Ewen — The  Chicago  Harbor  751 

(e)  Dredging  necessary  to  enable  boats  to  reach  the  docks. 

(f)  Remedying  the  unsatisfactory  conditions  at  Fullerton  ave- 
nue caused  by  a  sewer  opening  and  insufficient  depth  of  water. 

(g)  Dredging  the  turning  basin -just  south  of  Diversey  boule- 
vard, particularly  the  east  part  thereof,  to  a  sufficient  depth  to  make 
it  navigable. 

(h)  An  investigation  of  the  feasibility  of  deepening  and  widen- 
ing the  channel  now  being  built  by  the  Sanitary  District  and  known 
as  the  North  Shore  Canal  (Wilmette  cut-off),  so  as  to  make  it 
navigable. 

Lake  Front. 

(a)  Reserving  that  portion  of  the  Lake  Front  between  the 
mouth  of  the  Chicago  river  and  Chicago  avenue  for  future  harbor 
development. 

(b)  Constructing  piers  between  the  mouth  of  the  Chicago  river 
and  Chicago  avenue  for  the  accommodation  of  passenger,  package 
freight  and  fruit  lines. 

(c)  Reserving  that  part  of  the  Lake  Front  from  the  mouth  of 
the  Chicago  river  to  Randolph  street  for  harbor  development. 

(d)  The  preparation  at  once  of  a  plan  designed  to  permit  the 
creation  of  a  Lake  Front  park  south  of  Grant  park  on  lines  which 
shall  still  make  possible  a  future  harbor  development  if  such  be- 
comes necessary,  as  more  fully  explained  in  the  text  of  this  report, 
this  plan  to  be  prepared  by  experts  on  park  and  harbor  improve- 
ments working  in  collaboration,  but  subject  to  the  final  approval  of 
the  City  Council  and  the  South  Park  Commissioners. 

Calumet  River  and  Harbor. 

(a)  Widening  the  Calumet  river  to  a  minimum  of  300  feet  as  far 
as  the  Forks. 

(b)  Replacing  present  bridges  where  the  openings  are  insuf- 
ficient, with  bridges  having  ample  waterway;  and  requiring  that 
hereafter  all  bridges  shall  have  two  openings  of  100  feet  or  more, 
or  a  single  opening  of  200  feet  or  more. 

(c)  Reserving  frontage  on  the  Calumet  river  for  construction 
of  public  docks. 

(d)  Creating  an  inland  harbor  on  Lake  Calumet,  either  by  the 
City  of  Chicago  or  by  contract  with  riparian  owners,  as  seems  most 
feasible  after  detailed  study  of  the  legal,  engineering  and  financial 
problems  involved. 

T  have  simply  touched  upon  each  of  the  above  items  for  there  is 
not  space  or  time  to  discuss  them  all  at  length.  There  is  one  matter, 
however,  that  I  want  to  have  you  all  understand  and  that  is  the  ques- 
tion of  river  span  for  the  new  bridges.  The  present  standard  of  140- 
foot  span  came  about  very  naturally  and  it  was  undoubtedly  at  the 
the  time  a  very  wise  and  proper  step  in  advance.  The  abutments  of 
the  modern  bascule  bridge  require  about  30  feet  of  space  along  the 
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main  axis  of  the  bridge.  The  two  abutments,  therefore,  require  60 
feet.  Placing  the  bridge  and  abutments  wholly  within  the  bed  of  the 
200  foot  river  leaves  exactly  140  feet  for  the  clear  span  of  the  bridge. 
The  whole  structure  was  placed  within  the  river  banks  so  that  the 
abutments  would  not  encroach  upon  the  land  and  thereby  interefere 
with  adjacent  property  owners.  This  is  the  type  of  bascule  bridge 
now  being  used. 

The  reasons  given  for  not  enlarging  the  span  to  200  feet  in  the 
clear  are  two.  First,  the  additional  cost.  Second,  the  interference 
with  the  rights  of  property  owners  in  that  their  holdings  would  face 
the  chords  of  the  bridge  when  open  and  always  face  the  slots  along 
the  curb  lines  that  are  designed  to  receive  the  chords  and  counter- 
weights. 

In  my  opinion,  both  of  these  objections  have  been  removed  in  a 
preliminary  design  recently  submitted  to  the  Harbor  Commission,  by 
Mr.  J.  B.  Strauss,  m.w.s.e.,  providing  for  a  double  leaf  bascule  bridge 
of  200  feet  clear  span  with  the  foundation  entirely  outside  of  the 
river  bed  and  wholly  within  the  street  ends.  These  abutments  are 
of  the  standard  dimensions  required  by  the  City  and  are  so  designed 
that  they  go  under  the  street  surface.  The  bridge  is  provided  with  a 
device  that  locks  the  two  leaves  together  in  the  center  so  that  the 
lower  chord  can  act  in  tension  and  the  joint  at  the  top  chords  act  as 
hinge  joints.  By  this  method,  the  bridge  when  down  and  locked  acts 
as  a  truss  and  not  as  a  cantilever.  This  lessens  the  weight  and  cost 
so  that  it  is  roughly  estimated  the  additional  cost  for  the  200-foot 
clear  span  will  be  about  20  per  cent.  This  is  a  small  matter  and 
should  not  be  allowed  to  interfere  with  the  general  scheme  of  making 
the  river  as  convenient  for  navigation  as  possible. 

In  this  design  the  counterweight  is  carried  upon  a  central  chord 
which  extends  to  the  full  length  of  the  abutments,  the  side  chords 
extending  only  for  the  length  of  the  bridge  proper,  thereby  eliminating 
the  necessity  for  the  slots  for  the  counterweights  on  the  line  of  the 
side  chords.  In  the  completed  structure  the  only  slot  in  the  street  is 
in  the  middle  of  the  street.  With  these  two  improvements  it  would 
seem  that  all  the  valid  objections  that  have  been  raised  against  the 
200-foot  span  are  eliminated. 

The  Council  Committee  on  Harbors  is  composed  of  some  of  the 
best  aldermen  in  the  Council.  The  work  of  considering  ttie  recom- 
mendations of  the  Harbor  Commission  has  been  commenced  in 
earnest  and  it  is  hoped  that  in  a  very  short  time  some  tangible  scheme 
of  operation  will  be  outlined  for  action  by  the  Council.  If  this  be 
done  the  harbor  development  will  be  carried  out  along  the  line  of 
a  general  plan  that  in  the  end  will  give  to  our  city  a  harbor  com- 
mensurate with  not  only  its  present  necessities,  but  one  that  will 
keep  pace  with  our  growth.  If  Chicago  is  destined,  as  we  all  believe 
it  is,  to  become  one  of  the  largest  and  most  important  cities  in  the 
world,  it  should  have  a  harbor  equal  to  the  best. 
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DISCUSSION. 

Mr.  Eiven  :    It  may  be  of  interest  for  me  to  refer  to  a  letter  written 
by  Baron  Rothschild  at  the  time  of  the  trouble  between  England  and 
the  United  States,  in  1895.    You  will  remember  that  the  relations  be- 
came strained  over  the  Venezuela  affair.    Baron  Rothschild  submitted 
to  Lord  Salisbury — then   Prime   Minister — a  document,  a  copy  of 
which  is  in  Washington,  calling  attention  to  the  commercial  relations 
between  the  United  States  and  England,  and  stating  that  the  main- 
tenance of  these  relations  between  the  two  countries  was  indispens- 
able to  the  English  prosperity.     In  reciting  the  conditions  in  this 
country,  he  stated  that  the  railroads  would  be  rebuilt;  (this  is  now 
taking  place).     He  predicted  the  building  of  the  Panama  Canal  by 
our  Government,  and  said  it  would  bring  about  a  revolution  in  the 
world  of  commerce — that  the  commerce  running  east  and  west  would 
run  north  and  south  ;  that  this  country  would  awaken  to  the  develop- 
ment of  her  internal  waterways ;  that  Chicago,  on  account  of  her 
peculiar  geographical  position,  was  destined  to  be  the  greatest  city  of 
America;  that  Canada  would  make  extensive  water  development. 
The  Canadian  Government  is  today  considering  the  building  of  a 
canal  from  Georgian  Bay  to  Montreal  by  way  of  Lake  Nipissing 
and  the  Ottawa  River,  deepening  and  widening  the  Welland  Canal, 
to  be  followed  by  the  widening  of  the  St.  Lawrence  River  locks  and 
canals.     He  also  said  many  other  things  about  the  greatness  of  our 
country  and  its  future. 

The  great  question  now  with  us  locally  is,  shall  Chicago  have  a 
harbor  commensurate  with  its  importance  and  keep  pace  with  all  of 
this  development?  If  not,  some  other  great  center  will  surely  have 
it.  It  has  been  brought  to  our  attention  that  organizations  in  Ohio 
are  trying  to  provide  a  canal  across  from  the  Ohio  River  to  Lake 
Erie,  thus  leaving  Chicago  out.  This  is  not  an  impossibility,  nor  is 
it  visionary,  and  unless  Chicago  does  something  to  maintain  its  own, 
it  is  bound  to  lose.  I  touch  upon  all  of  this  lightly  to  give  you  some 
of  the  factors  that  bear  upon  this  subject.  The  question  of  prime 
interest  with  us  is  the  harbor, — are  we  going  to  have  one  and  what 
are  we  going  to  do?  The  details  of  carrying  on  all  this  work  will 
have  to  be  worked  out  by  the  engineers ;  therefore  these  questions 
must  interest  you  and  challenge  the  best  effort  in  you. 

Referring  to  the  first  recommendation,  "that  a  survey  be  made  of 
the  dock  lines  on  the  main  river  and  the  south  and  north  branches 
of  the  Chicago  River,  the  Lake  Front  and  the  Calumet  River,  and 
the  determination  of  rights  of  ownership,"  there  are  no  surveys  of 
this  nature  in  existence.  Those  that  have  been  made  show  present 
occupancy  which  does  not  necessarily  represent  ownership.  We 
know  that  there  are  a  great  many  encroachments  on  the  river  and 
lake,  but  before  anything  is  done  a  survey  should  be  made. 

The  next  recommendation  is  in  regard  to  widening  the  main  river 
to  250  ft.  The  diagram  shows  just  where  that  widening  will  take 
place. 
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The  third  recommendation  is  to  complete  "the  work  of  widening 
the  south  branch  to  a  minimum  of  200  ft."  This  width  was  estab- 
lished by  the  Drainage  Board,  and  is  also  shown  in  the  maps  here- 
with. 

(c)  Replacing  the  center-pier  and  narrow  span  bridges  on  the 
main  river  and  the  South  Branch  with  bridges  having  a  clear  span 
of  200  ft.  with  straight  bottom  chords  instead  of  arched  chords. 
This  is  a  desirable  improvement.  Boats  that  are  able  to  navigate  the 
river  without  requiring  the' bridges  to  be  opened  have  to  pass  directly 
beneath  the  center  of  the  bridges ;  if  there  is  a  strong  wind  or  current 
it  is  difficult  for  the  boat  to  maintain  that  position.  If  the  bridges 
have  straight  bottom  chords  from  pier  to  pier,  instead  of  arched 
chords,  much  difficulty  of  navigation  would  be  done  away  with  and 
much  unnecessary  opening  of  bridges  eliminated. 

Cutting  off  the  elbows,  as  recommended  in  "d"  and  "e"  would 

make  a  very  good  turning  basin  at  the  forks,  as  shown  in  the  map. 

The  work  of  straightening  the  river  from  Twelfth  to  Sixteenth 

Streets  could  be  done  at  a  reasonable  cost  at  this  time,  because  of 

the  small  development  industrially  at  this  point. 

Illuminating  the  river  by  electricity  would  be  an  inexpensive  im- 
provement, and  is  one  desired  by  the  navigators  of  the  river. 

It  is  a  question  whether  the  diminishing  of  the  current  in  the 
river  between  Lake  Street  and  Twenty-first  Street  can  be  changed, 
some  members  of  the  Commission  believing  that,  when  the  work  of 
the  Drainage  Board  is  completed,  the  current  will  not  be  as  strong 
as  it  is  now. 

In  connection  with  the  recommendation  in  "i"  the  thought  was 
that  the  street-ends  on  the  North  Branch  and  the  South  Branch  of 
the  river,  owned  by  the  city,  would  afford  facilities  for  the  building 
of  docks  and  warehouses  by  the  city  for  the  distribution  of  freight 
at  convenient  points. 

In  regard  to  a  plan  for  improving  the  North  Branch  of  the  Chicago 
River,  nothing  has  been  done.  It  is  very  desirable  that  a  project  be 
worked  out  similar  to  the  project  that  is  being  developed  by  the 
Drainage  Board  in  the  South  Branch. 

Referring  to  (d)  under  the  general  heading  "Calumet  River  and 
Harbor,"  (creating  an  inland  harbor  on  Lake  Calumet),  that  is  shown 
in  the  final  diagram.  You  will  see  there  the  outline  of  Lake  Calumet. 
At  the  north  end  you  will  see  a  straight  channel  leading  to  Lake 
Michigan,  proposed  by  the  Calumet  Canal  &  Dock  Co.  This  com- 
pany suggests  the  plan  of  their  "donating  the  right  of  way  for  a  wide 
and  straight  canal  from  the  Calumet  River  to  the  northern  end  of 
Calumet  Lake."  They  suggest  that  the  harbor  work  could  be  done 
in  either  of  two  ways :  "Either  the  state,  directly  through  its  agent, 
the  City  of  Chicago,  might  dig  the  harbor,  build  the  docks  and  con- 
trol the  entire  enterprise,  the  value  of  the  land  reclaimed  by  filling 
in  the  lake  covering  the  cost  of  the  undertaking."  Or,  "it  might 
contract  with  the  shore  owners  of  Calumet  Lake  to  establish  a  dock 
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line  in  the  manner  suggested  and  make  the  necessary  improvements, 
compensating  themselves  for  the  cost  of  the  work  by  the  enhanced 
value  of  the  land  made  by  the  excavated  material  in  forming  the 
channel  and  slips."  The  material  excavated  from  the  harbor  and 
slips  would  be  used  for  making  land  for  wharves  and  warehouse 
sites. 

There  is  one  obstacle  in  the  way,  however,  and  that  is,  that  the 
lake  belongs  to  the  state.  The  last  Legislature  was  asked  by  the  city 
to  give  the  lake  to  the  city.  This  bill,  with  many  others  pertaining  to 
Chicago,  did  not  pass,  but  the  matter  will  probably  be  taken  up  again. 
The  Mayor  has  recently  asked  the  Governor  to  include  in  the  next 
call  of  the  Legislature  the  right  of  Chicago  to  build,  own,  and  equip 
docks,  and  in  general  to  do  everything  necessary  to  develop  its 
harbor. 

/.  W.  M abbs\  What  is  the  recommendation  of  the  Commission 
about  dock  equipment? 

Mr.  Ewen:  The  recommendation  is  that  there  shall  be  sufficient 
equipment  to  take  care  of  the  business. 

Mr.  Mabbs :    What  different  companies  control  the  different  docks  ? 

Mr.  Ezven :  The  docks,  with  few  exceptions,  are  owned  by  private 
capital.  At  the  port  of  Liverpool  a  boat  may,  by  paying  the  regular 
charges,  sail  in  port  unannounced,  have  all  the  privileges  that  the 
Cunard  or  any  other  line  may  have,  and  all  the  advantages  of  econo- 
mic operation.  The  boat  may  unload  and  load  and  never  go  back 
again  to  that  port.  In  Chicago,  provision  must  be  made  in  advance 
by  ownership  of  docks  or  by  lease.  A  tramp  boat  would  have  a  very 
hard  time  getting  in  and  out. 

The  whole  port  of  Liverpool  was  built  up  without  any  cost  to  the 
city  of  Liverpool.  "The  control  and  management  of  all  the  docks  at 
Liverpool  are  vested  in  a  Public  Trust  called  The  Mersey  Docks  and 
Harbour  Board.  This  Board  consists  of  twenty-eight  members,  of 
whom  four  are  appointed  by  the  Crown,  and  twenty-four  are  elected 
by  the  dock  ratepayers.  A  candidate  must  pay  to  the  Board  within 
the  year  immediately  preceding  his  election,  rates  in  respect  of  ships 
or  goods  of  not  less  than  £25.  The  taxes  were  made  as  low  as  possi- 
ble, for  Liverpool  has  to  compete  with  Glasgow.  A  sinking  fund  was 
accumulated,  and  $150,000,000  have  been  spent  in  fifty  years  in 
Liverpool  from  excess  in  receipts. 

At  a  meeting  of  the  Mersey  Docks  and  Harbour  Board  in  April, 
1907,  in  "discussing  the  growth  of  commerce,  the  need  of  a  larger 
dock  was  seen,  and  at  that  meeting  they  voted  an  expenditure  of 
$16,000,000  to  provide  a  dock  with  berths  for  four  ships  at  once, 
with  lengths  up  to  1,100  ft.  and  120  ft.  beam;  and  with  quays,  sheds, 
railway  tracks,  and  driveways  accompanying."  This  was  done 
quietly,  without  any  excitement,  and  without  "asking  permission 
or  approval  or  support  of  anybody,  except  a  parliamentary 
permit  for  general  harbor  improvement.  They  had  the  money  in 
the  bank  and  voted  to  have  the  improvements  made.    That  work  is 
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now  being  carried  out,  and  the  ease  with  which  the  matter  was 
handled  made  a  great  impression  on  other  cities.  Other  ports  of 
England  and  on  the  Continent  are  expending  large  sums  now. 
Eighteen  or  twenty  European  ports  have  spent  from  $20,000,000  to 
$140,000,000  on  their  ports,  and  are  still  spending  more  money  on 
greater  improvements. 

London,  like  Chicago,  has  been  steadily  losing  in  its  commerce, 
but  has  recently  formed  a  Harbor  Commission.  The  port  was  origin- 
ally controlled  by  seven  different  bodies  representing  private  capital 
as  well  as  municipal  ownership.  They  worked  at  cross-purposes, 
competing  with  one  another  for  trade,  and  gradually  drove  the  busi- 
ness to  other  ports.  This  last  winter  all  of  these  interests  were 
united  under  one  Harbor  Commission.  It  has  been  said  by  high 
authority  that  this  consolidation  under  one  control  was  the  most  im- 
portant event,  commercially,  that  has  ever  taken  place  in  London. 
It  is  now  estimated  that  London's  water  commerce  will  be  recovered. 

Richard  Price  Morgan,  m.w.s.e.  (by  letter).:  Not  being  able  to 
be  present  tomorrow  evening,  I  desire  to  ask  Mr.  Ewen  the  following 
question,  having  carefully  examined  and  considered  his  paper  be- 
fore our  Society: 

I  understand  by  the  paper,  that  you  leave  an  open  gap  transversely 
through  the  outer  harbor,  a  mile  in  width,  with  broad  angles  of  lake 
exposure  focal  in  a  degree  at  the  mouth  of  the  river.  Across  this 
exposure,  marine  movement  between  the  outer  harbor  and  the  river, 
to  and  fro,  must  take  place.  Will  you  kindly  state  what  the  con- 
siderations are  that  justify  such  a  serious  break  in  the  commercial 
facilities  of  the  river  and  lake  front  (Chicago  Harbor)  ? 

Mr.  Ewen:  Referring  to  Dr.  Morgan's  letter,  the  developments 
may  never  extend  south  of  Sixteenth  Street.  If,  after  developing 
docks  at  the  month  of  the  river  from  Chicago  Avenue  to  Randolph 
Street,  the  demand  still  is  for  more  docks,  there  is  no  other  place  to 
go  but  south  of  Sixteenth  Street.  In  that  event  we  must  skip  Grant 
Park,  as  we  cannot  hope  to  build  docks  in  the  park.  The  outer  new 
proposed  breakwater  could  be  continued  south  as  far  as  Jackson 
Park,  if  necessary,  leaving  the  harbor  at  Grant  Park  for  yachts  and 
pleasure  craft  the  same  as  now. 

R.  J.  Mershon,  m.w.s.e.  :  All  the  docks  that  I  have  been  acquainted 
with,  present  an  unsightly  appearance  generally,  and  it  seems  to  me 
if  we  have  docks  along  the  lake  front,  the  appearance  of  the  lake 
front  would  be  a  great  deal  worse  than  it  is  now,  and  it  is  bad  enough 
at  present. 

Mr.  Ezven:  Dr.  J.  Paul  Goode  has  traveled  extensively  among 
foreign  ports,  and  has  given  an  illustrated  lecture  which  is  very  in- 
structive on  the  subject  of  harbors.  From  this  lecture  one  can  see 
that  the  artistic  side  of  port  development  has  not  been  neglected.  I 
have  visited  many  foreign  ports,  including  the  docks  of  Liverpool, 
and  it  was  a  great  nleasure  to  find  such  substantial,  fine  looking  build- 
ings everywhere.    Chicago  has  grown  heretofore  "any  old  way,"  but 
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now  we  want  to  clean  up,  change,  and  pay  more  attention  to  appear- 
ances, all  of  which  can  be  and  should  be  done. 

Mr.  Mershon:  In  spite  of  all  the  talk  about  getting  rid  of  the 
smoke,  I  occasionally  hear  it  stated  that  the  smoke  is  as  bad  as  ever. 

Mr.  Eiven :  The  tendency  now  is  to  improve  things,  but  it  must 
be  remembered  that  we  are  only  seventy-five  years  old.  When  Lon- 
don was  only  seventy-live  years  old  it  wasn't  safe  to  go  out  after 
dark. 

Mr.  Mershon:  I  would  like  to  ask,  for  information,  if  anything 
is  being  done  by  the  Federal  Government,  or  by  others,  to  maintain 
the  present  level  of  the  lake?  I  was  brought  up  in  Michigan  and 
around  Lake  Michigan,  and  have  been  told  by  engineers  here  in  the 
city  and  by  intelligent  men  living  in  Erie,  that  the  lakes  are  at  least 
24  in.  lower  than  they  were  forty  years  ago;  (some  say  30  in.)  and 
that  they  are  getting  lower  on  account  of  the  water  that  is  being 
diverted  from  them. 

Mr.  Ezven:  That  is  a  question  which  concerns  more  particularly, 
the  waterway  development.  Mr.  Randolph,  who  is  an  authority  on 
that  matter,  can  probably  answer  that  question. 

G.  A.M.  Liljencrantz,  m.w.s.e.  :  I  have  found  no  mention  of  what 
has  been  done  heretofore  for  the  improvement  of  the  rivers  and  har- 
bors in  this  District,  and  it  seems  to  me  appropriate  to  show  what 
has  been  expended  by  the  U.  S.  Government  for  this  purpose  up  to 
the  present  time  (Sept.  I,  1909).  These  expenditures  have  been  as 
follows : 
Chicago  Harbor   : $2,552A39-85 

CHICAGO  river: 

Dredging  River  and  Branches  in  1896-98 

(17.0   ft.   depth)    $189,351.75 

Widening  at  narrowest  bends  and  dock 
corners  in  1899-01  (including  cost  of 
removed  land  and  building  of  new 
docks) 203,788.68 

Construction  of  2  turning  basins  (includ- 
ing land  purchased  and  building  docks)  464,900.22 

Dredging  and  rock  excavation  (North 
Branch  and  South  Fork)  in  1908-09 
(21.0  ft.  depth) 458,469.05 

Salaries  and  other  contingencies 24,276.95 

Total 1,340,786.65 

CALUMET    HARBOR! 

Dredging,  piers,  and  breakwaters 1,479,788.48 

CALUMET  RIVER: 

Dredging  and  rock  excavation 860,503.79 

Grand  total $6,233,118.77 
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J.  W .  Mabbs :  My  father  was  deeply  interested,  some  years  ago, 
in  the  idea  of  making  a  sea-wall  about  two  miles  from  the  shore, 
just  inside  of  the  water-cribs,  and  making  a  harbor  which  would  ex- 
tend all  the  way  from  Evanston  to  the  Calumet  River,  allowing  the 
boats  to  come  in  at  the  north  and  south  ends  of  the  harbor.  That 
would  make  a  harbor  twenty-four  miles  long  and  about  two  miles 
wide.  In  connection  with  that  scheme,  the  idea  was  to  put  in  docks 
along  the  sea-wall  and  make  the  dockage  on  the  outer  edge  of  the 
harbor,  instead  of  on  the  shore  line,  and  connecting  them  by  under- 
ground tunnels  with  the  different  railroad  systems.  This  would  give 
a  harbor  with  dock  facilities  that  would  take  care  of  Chicago  for 
the  next  few  hundred  years,  and  the  scheme  would  not  in  any  way 
interfere  with  the  park  systems,  nor  with  the  beauty  of  the  city. 

Mr.  Ewen:  With  thirty-five  feet  of  water  out  in  the  lake,  the 
chances  are  it  would  be  difficult  to  induce  the  Government  to  build 
such  a  breakwater. 

Mr.  Mabbs :  The  idea  was  to  take  the  stone  that  came  out  of  the 
drainage  canal,  and  make  a  stone  embankment,  which  would  not 
cost  much  more  than  an  ordinary  railroad  embankment,  and  being 
made  with  a  gradual  incline  on  the  lake  side,  no  amount  of  "sea" 
would  ever  wash  it  away.  There  is  sufficient  stone  on  the  banks  of 
the  canal  to  build  that  breakwater  all  the  way  from  the  Calumet 
River  to  Evanston,  and  it  could  be  done  at  comparatively  little  cost. 

Mr.  Liljencrants :  "Comparatively  little  cost"  is  rather  indefinite, 
and  I  can  not  help  wondering  how  many  millions  of  dollars  it  would 
require  to  make  the  cost  appear  to  Mr.  Mabbs  as  comparatively 
great. 

C.  F.  Loweth,  m.w.s.e.  :  I  am  glad  that  the  recommendations  of 
the  Commission  kept  in  view  the  extension  of  the  park  system  along 
the  southern  part  of  the  city,  for  I  believe  it  would  be  a  great  mistake 
to  put  in  a  harbor  that  would  prevent  the  people  from  having  free 
access  to  the  lake  at  a  great  many  points.  I  live  in  Hyde  Park,  and 
there  is  no  breakwater  along  the  front  of  the  lake  at  that  point ;  it  is 
a  great  pleasure  to  go  out  there  and  watch  the  lake.  The  people  in 
that  vicinity  would  be  greatly  disappointed,  I  am  sure,  if,  in  going 
out  to  the  lake  shore  at  Jackson  Park,  Hyde  Park,  and  other  points, 
they  could  not  see  out  any  further  than  a  mile  or  two. 

/.  C.  Bley,  m.w.s.e.  :  I  would  inquire  as  to  the  matter  of  width  of 
the  river  and  clear  channel.  As  I  understand  it,  you  ask  for  a  chan- 
nel of  only  200  ft.  and  at  the  same  time  you  ask  for  a  clear  span  of  a 
bridge  for  200  ft.  Boats  have  the  privilege,  I  believe,  of  tying  up 
anywhere  on  the  river,  and  there  is  the  possibility  of  a  boat  being 
on  either  side  of  the  river  between  the  bridges.  It  sems  to  me  that  it 
makes  an  unjust  burden  on  the  city  for  bridge  building. 

Mr.  Ewen :  Of  course  the  Chicago  River  will  be  a  highway  to 
the  drainage  canal  proper  and  the  deep  waterway,  and  while  it  is 
true  that  boats  will  tie  up,  it  is  also  true  that  very  few  will  tie  up 
along  that  highway  for  any  length  of  time.    The  argument  might  be 
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used  that  obstructions  on  State  Street  to  within  300  ft.  would  not 
impede  traffic,  still  those  obsructions  would  interfere  with  traffic.  If 
some  of  the  boats  tie  up  on  the  river  on  both  sides,  your  argument 
would  be  true,  but  that  probably  would  seldom  happen.  The  idea 
is  to  have  that  channel  as  clear  of  obstructions  as  possible  to  form 
the  north  entrance  to  the  deep  waterway. 

Mr.  Liljencrantz :  Is  the  idea,  then,  that  the  South  Branch  would 
not  be  used  at  all  for  docking  purposes?  If  that  is  the  case,  we 
should  have  the  full  width.  There  are,  however,  a  great  many  cor- 
porations that  desire  to  use  their  dock  frontage,  and  in  such  cases 
the  abutments  will  act  as  protections  for  their  boats.  That  is  one 
reason  why  I  consider  that  it  would  be  better  to  have  140  ft.  span 
than  200  ft.  span.  If  the  river  is  200  ft.  wide,  even  at  bridge  draws, 
and  there  are  vessels  lying  at  the  docks,  there  would  be  danger  of 
collisions  with  these  vessels  and  those  passing  down  with  the  current, 
while  abutments  would  offer  some  protection. 

Mr.  Ewen:  If  the  abutments  on  the  river  are  built  with  30  ft. 
projections,  they  are  there  for  all  time.  But  while  the  boats  in  tying 
up  at  the  docks  offer  an  obstruction,  still  they  are  not  there  for  all 
time.  Again,  the  abutment  sticking  out  30  ft.  creates  a  current  in 
the  river.  A  boat  while  waiting  in  the  channel  for  a  bridge  to  open, 
might  get  swung  out  of  place  and  it  would  take  ten  minutes  for  the 
boat  to  get  straight  again.  If  the  boats  tie  up  at  the  dock,  of  course 
you  have  an  obstruction,  but  the  boats  are  not  always  there. 

Mr.  Liljencrantz:  Is  not  the  idea  now  to  plan  for  the  future,  when 
there  might  be  boats  tied  up  on  both  sides  ? 

Mr.  Ewen :  We  are  dealing  with  a  narrow  river,  and  want  to 
make  all  that  width  as  available  as  possible.  It  is  a  question  of  con- 
venience and  facility.  All  these  things  facilitate  navigation,  and 
when  facilities  are  good,  more  boats  come  in. 

Isham  Randolph,  m.w.s.e.  :  Do  you  know  of  a  single  instance  on 
record  of  a  boat  striking  the  abutment  of  a  bascule  bridge? 

Mr.  Ezven :  I  was  surprised  one  morning  to  notice  that  the  south 
abutment  of  Wells  Street  bridge  had  been  knocked  all  to  pieces.  It 
looked  as  if  it  had  been  struck  by  an  eight-inch  shell. 

Mr.  Liljencrantz :  Wells  Street  bridge  is  not  a  bascule  bridge.  If. 
the  South  Branch  of  the  river  is  to  be  used  exclusively  as  a  highway, 
all  vesels  coming  in  would  have  to  pass  through  a  great  many  bridges 
before  they  come  to  the  place  where  they  would  make  their  dockage, 
and  frontage  owners  along  this  highway  would  undoubtedly  insist 
upon  the  right  to  use  their  docks. 

Mr.  R.  C.  Huston,  m.w.s.e.  :  Can  you  give  us  an  idea  of  the  cost 
of  other  ports,  as  compared  with  Chicago,  on  a  tonnage  basis? 

Mr.  Ezven :  Duluth  has  a  lake  commerce  of  about  20,000,000  tons, 
while  Chicago  has  11,000,000  tons.  I  suppose  Duluth  has  spent  six 
million  dollars  on  its  harbors,  while  Chicago  has  done  very  little. 

H.  J.  Fixmer,  jun. m.w.s.e.  :  I  have  made  a  study  of  a  system  of 
improvements  designed  to  relieve  traffic  congestion  in  Chicago,  and 
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am  of  the  opinion  that  the  wisest  thing  to  do  would  be  to  construct 
a  ship  canal  at  about  Fourteenth  Street,  connecting  the  South  Branch 
of  the  river  with  Lake  Michigan.  This  canal  would  be  less  than  a 
mile  in  length,  should  be  at  least  200  ft.  wide,  and  would  carry  27  ft. 
of  water.  This  is  obviously  a  direct  extension  of  the  great  Drainage 
Canal. 

It  is  proposed  to  condemn  all  land  lying  between  Twelfth  and  Six- 
teenth Streets,  and  lease  the  same  for  dockage,  storage,  freight  trans- 
fer, and  commission  trade.  A  lake  front  harbor  would  be  built  at 
the  mouth  of  the  canal,  with  sufficient  slips  to  accommodate  the  rail- 
roads having  ready  access  thereto.  By  reason  of  having  an  adequate 
outlet  south  of  the  congested  business  district  for  the  future  traffic 
along  the  South  Branch  of  the  river,  Drainage  Canal,  and  future 
Gulf  Waterway,  we  would  be  enabled  to  make  all  bridges  between 
Lake  Street  and  Twelfth  Street  on  the  South  Branch  fixed,  of  such 
span  and  height  to  accommodate  tugs  and  lighters.  Thus  two  rivers 
would  have  been  created  and  the  traffic  on  the  main  river  reduced 
probably  more  than  half.  Also,  this  canal  affords  a  needed  source 
of  supply  of  water  for  sanitary  purposes,  permitting  the  admission 
of  ample  water  without  creating  undue  currents,  which  even  now 
interfere  with  navigation.  The  aid  of  the  United  States  Government 
would  no  doubt  be  enlisted  to  build  this  waterway,  since  it  would  be 
an  aid  to  navigation.  If  the  Gulf  Waterway  is  ever  completed  the 
government  might  insist  on  the  construction  of  such  a  channel. 

By  reason  of  eliminating  that  part  of  the  tortuous  river  between 
Lake  and  Twelfth  Streets  for  other  than  a  sewerage  channel,  or 
waterway  for  tugs  and  lighters,  we  have  virtually  "annexed"  the 
whole  west  side  of  Chicago  to  the  central  business  district.  This  is 
important  for  reasons  affecting  other  sources  of  congestion  than 
waterway  and  harbor. 

The  location  of  this  canal  at  Fourteenth  Street  has  advantages 
from  an  artistic  standpoint.  By  tracing  it  on  a  convenient  map  it  is 
seen  at  once  to  make  a  symmetrical  plan ;  with  the  suggested  "Civic 
Center"  at  Halsted  and  Congress  Streets,  about  equidistant  from  the 
main  river  and  this  proposed  canal.  This  canal,  while  it  would  re- 
quire the  railroads  in  the  vicinity  to  abandon  or  readjust  their  ter- 
minals, now  inadequate,  would  open  up  the  great  territory  along  the 
Drainage  Canal,  where  extensive  factories  and  railroad  terminals 
could  be  constructed.  This  extensive  dock  property  cannot  be  de- 
veloped until  an  outlet  is  provided,  with  fewer  than  the  nineteen 
bridges  now  existing  north  of  Fourteenth  Street. 

Of  course  there  are  objections  to  this  plan,  but  these  objections, 
when  analyzed,  are  only  selfish  and  sentimental.  It  is  to  the  city's 
interest  that  the  congested  freight  terminals  be  moved  elsewhere, 
and  the  transfer  of  package  freight  be  made  by  lighters,  with  con- 
venient docks  at  the  foot  of  various  streets.  The  canal  at  this  point 
would  greatly  develop  the  adjacent  district  for  commercial  purposes, 
and  could  hardly  prove  objectionable  to  "South  Siders,"  since  their 
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means  of  entering  the  downtown  district  will  soon  be  by  way  of  the 
subway. 

In  conclusion  I  will  say  that  it  is  of  vital  importance  to  Chicago 
to  develop  an  inland  harbor, — a  harbor  accessible  to  railroads,  fac- 
tories, teaming,  shipping,  and  labor — for  it  is  these  things  that  have 
made  Chicago  what  it  is  today. 

Mr.  Ewen :  That  matter  is  covered  exhaustively  in  the  harbor 
report. 

Mr.  Liljcncrantz:  General  Ernst  recommended  the  establishment 
of  channel-lines  for  the  Chicago  River,  as  the  city  of  Chicago  has 
never  established  any  complete  system  of  such  dock  or  channel-lines 
in  this  river  and  its  branches.  But  the  Department  ruled  that  the 
expense,  including  condemnation  of  land,  would  be  prohibitive.  In 
the  Calumet  River  the  Government  has  established  channel-lines, 
and  has  dredged  to  a  depth  of  21  ft.  up  to  I22d  Street,  and  from 
there  a  depth  of  17  ft.  up  to  "The  Forks"  at  Lake  Calumet.  No  en- 
croachments on  the  channel  are  ever  allowed. 

Mr.  Ewen's  paper  stated  that  there  are  no  surveys  in  existence  of 
these  two  rivers,  for  the  purpose  of  ascertaining  proper  ownership. 
A  survey  of  Calumet  River  was  made  in  1881  by  myself,  and  the 
channel-lines  were  established  definitely  by  the  Secretary  of  War. 
The  right-of-way  was  deeded  by  the  respective  property  owners, 
and  the  title  to  each  tract  of  land  was  examined  by  the  District 
Attorney.  Thus  the  owner  of  every  part  of  the  frontage  was  ascer- 
tained. Since  that  time  a  great  many  transfers  have  naturally  been 
made,  but  in  a  general  way  we  know  the  owners  of  most  of  the 
properties.  Work  is  now-  in  progress  on  channel-lines  to  be  estab- 
lished by  the  Secretary  of  War  above  "The  Forks,"  as  soon  as  the 
deeds  from  all  the  property  owners  have  been  received.  We  are  ex- 
pecting results  almost  any  day.  Five  turning  basins  are  to  be  built ; 
one  has  been  made  near  Ninety-third  Street,  where  a  boat  650  ft. 
long  can  turn,  and  the  deeds  have  all  been  made  out  for  a  turning 
basin  at  "The  Forks."  The  money  has  been  appropriated  for  that 
and  for  the  three  others. 

Many  valuable  recommendations  have  been  made  by  the  Harbor 
Commission,  but  so  far  I  have  not  seen  any  estimates  of  the  approxi- 
mate cost  of  carrying  them  out.    Have  any  such  estimates  been  made  ? 

Mr.  Ewen:  As  stated  in  the  report,  the  Comimssioner  received 
only  ten  or  twelve  thousand  dollars  to  carry  out  what  work  has  been 
accomplished.  None  of  the  members  of  the  Commission  received 
any  salary  for  services ;  no  engineers  were  employed  and  there  was 
no  way  of  obtaining  estimates.  We  had  expected  to  make  a  number 
of  other  recommendations,  but  as  the  cost  would  run  up  to  many 
million  dollars,  it  was  thought  unwise  to  make  them.  Three  mem- 
bers of  the  Commission  were  engineers  and  went  into  the  matter  of 
cost  as  far  as  possible,  and  it  is  believed  that  none  of  the  recommenda- 
tions made  by  the  Commission  are  prohibitive.  We  have  now  asked 
the  Citv  Council  for  rnonev  to  do  the  very  thing  you  have  suggested, 
— to  make  the  surveys  and  establish  data  from  which  we  can  esti- 
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mate  the  cost,  especially  with  reference  to  the  question  of  straighten- 
ing and  widening  the  main  river  and  South  Branch. 

Mr.  Liljencrantz :  If  the  city  is  to  pay  for  these  improvements,  it 
will  undoubtedly  take  a  great  many  years  before  it  can  be  done.  I 
remember  that  at  a  public  hearing  in  the  Government  Office,  concern- 
ing the  removal  of  Fuller  Street  bridge,  the  City  Engineer,  when 
called  upon  for  his  opinion,  admitted  that  he  considered  it  necessary 
to  remove  this  obstruction  at  the  entrance  to  the  South  Fork,  which 
has  been  lately  improved  by  the  Government  at  a  cost  of  more  than 
$208,000,  making  it  23  ft.  deep  below  city  datum.  At  the  same  time, 
however,  he  said  he  was  sorry  that  this  was  impossible,  as  the  city 
did  not  have  the  money.  Major  Rees  asked  what  it  would  cost,  and 
was  told  about  $4,000. 

President  Allen :  The  city  is  in  hopes  of  having  the  money  for  the 
suggested  improvements  raised  on  a  bond  issue. 

Mr.  Liljencrantz:  Mr.  Ewen  made  some  remarks  about  a  100-ft. 
draw  at  Kinzie  Street,  and  wondered  whether  this  width  was  to  be 
the  standard  for  the  North  Branch.  The  reason  for  that  width  was 
this:  the  vessel  owners  (a  great  number  of  them)  were  called  to- 
gether at  a  meeting  and  were  asked  for  their  opinion.  They  unani- 
mously agreed  that,  as  only  a  100-ft.  channel  could  be  had  at  an 
early  date,  under  existing  conditions,  this  would  be  far  better  than 
waiting  many  years  for  something  better. 

Mr.  Ewen :  That  has  been  the  history  of  everything  on  the  river — 
working  from  hand  to  mouth. 

Mr.  Mershon :  I  would  ask  if  those  docks  are  necessary  before 
the  Lakes-to-the-Gulf  Waterway  is  built? 

Mr.  Ewen :  I  believe  that  if  the  docks  at  the  mouth  of  the  river 
had  been  built  ten  years  ago,  our  tonnage  now  would  have  been  much 
greater  than  it  is.  We  are  having  a  great  deal  of  discussion  on  the 
deep-waterway  question,  but  nothing  has  yet  been  done.  Our  water 
commerce  is  constantly  diminishing,  while  Chicago  is  growing.  If 
we  talk  about  the  matter  for  ten  years  longer,  we  will  lose  still  more 
heavily.  If  we  had  acted  ten  years  ago,  I  believe  our  tonnage  today 
would  have  been  20,000,000  tons  instead  of  11,000,000  tons.  It  will 
be  a  great  misfortune  to  Chicago  if  she  waits  any  longer. 

L.  K.  Sherman,  m.w.s.e.  (by  letter)  :  What  I  have  to  say  regard- 
ing Chicago  harbor  plans  is  simply  my  opinion,  but  that  is  based  on 
some  years  of  engineering  experience  and  history  more  or  less  asso- 
ciated with  the  Chicago  River  and  the  Calumet  region. 

The  Harbor  Commission  has  compiled  valuable  and  essential  data 
upon  which  any  harbor  schemes  must  be  worked  out. 

The  recommendation  made  by  the  Commission  is  not  so  valuable. 
They  have  recommended  three  projects  for  harbor  development: 
The  Chicago  River,  the  Take  Front,  and  the  Calumet  region.  This 
threefold  recommendation  is  equivalent  to  no  recommendation  at  all. 

The  solution  of  Chicago  as  a  harbor  depends  on  prompt  action 
concentrated  upon  one  main  project.  I  favor  the  Calumet  project  as 
outlined  by  the  Commission.    Why? 
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Any  improvement  of  the  Chicago  River  to  make  an  effective  harbor 
must  be  radical.  It  involves  the  purchase  of  large  tracts  of  valuable 
land,  the  uprooting  of  industrial  establishments,  the  moving  of  ex- 
tensive railroad  yards  and  the  accompanying  delay  of  years  of  con- 
demnation litigation. 

Why  spend  millions  in  buying  out  vested  rights  and  uprooting 
valuable  properties?  Money  so  spent  in  removing  obstructions  is 
of  no  direct  utility  in  creating  a  harbor.  The  same  money  applied  to 
the  Calumet  project  would  be  available  for  immediate  harbor  pur- 
poses, dredging,  dock  work  and  land  reclamation.  It  has  devolved 
upon  me  in  connection  with  sanitary  projects  to  make  a  number  of 
estimates  of  cost  of  canal  work,  both  in  the  Chicago  River  and  in 
the  Calumet  region.  In  that  connection  this  phase  of  the  question 
has  been  vividly  thrust  before  me. 

The  least  expenditure  to  produce  the  best  result  is  the  first  con- 
sideration of  the  business  man  and  the  tax-payer.  In  engineering 
work  a  careful  comparison  of  estimated  costs  with  the  results  to  be 
obtained  should  be  the  fundamental  principle  governing  the  design. 
If  the  Harbor  Commission  applies  this  principle  to  the  three  pro- 
posed harbor  schemes,  I  believe  it  will  reverse  the  order  in  which  the 
proposed  schemes  have  been  presented  and  will  place  the  Calumet 
project  first. 

A  short  time  ago  I  made  a  boat  trip  on  the  St.  Mary's  River.  Two 
things  impressed  me.  The  great  number  of  vessels,  most  of  them 
steamers  of  400  to  600  ft.  in  length,  forming  a  continuous  parade  of 
the  entire  St.  Mary's  River,  and  the  small  number  of  such  vessels 
which  had  the  Chicago  River  for  a  home. 

The  Chicago  River  was  adequate  in  the  day  of  the  lake  schooner 
and  served  a  valuable  purpose,  so  did  the  "tadpole  ditch."  The  com- 
merce of  the  Chicago  River  is  declining,  the  commerce  of  the  Calu- 
met, a  Chicago  stream,  is  growing.  Let  us  assist  nature  in  the 
development  of  the  Calumet. 

The  point  has  been  raised  that  the  value  of  the  cargo  should  be 
considered  in  the  harbor  location.  I  do  not  think  this  an  important 
feature.  It  would  not  require  any  extensive  harbor  if  all  the  gold, 
silver,  and  silks  in  Chicago  were  brought  in  boats,  though  the  value 
of  such  cargoes  might  exceed  the  value  of  coal,  iron  and  wheat,  which 
require  large  harbors. 

C.  R.  Dart,  m.w.s.e.  (by  letter)  :  The  writer  will  not.  attempt  a 
general  or  lengthy  discussion  of  the  author's  most  interesting  paper, 
but  will  consider  from  an  engineering  standpoint,  including  the  ques- 
tion of  cost,  that  nart  of  the  paper  relating  to  bridges  over  the  Chicago 
River. 

The  Harbor  Commission  has  recommended  that  all  bridges  over 
the  main  river  and  South  Branch  be  so  constructed  as  to  provide  for 
a  200-ft.  clear  channel  and  with  straight  bottom  chords  instead  of 
arched  chords.  There  is  no  question  but  that  the  first  mentioned 
feature,  from  a  standpoint  of  flow  for  drainage,  and  both  features 
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from  the  standpoint  of  navigation  requirements,  are  desirable,  and 
if  they  are  feasible  and  can  be  provided  at  a  reasonable  cost,  will 
be  favored  by  everyone  concerned  in  the  welfare  of  the  city. 

In  the  recommendation  as  to  the  length  of  spans,  there  is  no  quali- 
fication whatever  on  account  of  limiting  conditions  at  any  bridge  site, 
and  it  seems  possible  that  this  recommendation  may  have  been  made 
without  a  full  study  of  the  river  at  all  points  where  bridges  exist. 
Various  civic  associations  have,  from  time  to  time,  passed  resolutions 
demanding  200-ft.  channel  bridges,  without  considering  the  practica- 
bility of  their  construction,  and  with  little  regard  for  their  probable 
cost.  It  is  the  writer's  understanding  of  the  demands  of  these  asso- 
ciations, and  of  the  recommendations  of  the  Harbor  Commission, 
that  the  entire  200-ft.  width  of  the  river  between  dock  lines  shall  not 
be  obstructed  by  any  part  of  a  bridge,  or  the  parts  collateral  thereto, 
which  means  that  the  faces,  or  what  are  ordinarily  the  bridge  pro- 
tections, shall  be  coincident  with  or  shall  be  back  of  the  dock  lines. 

The  writer  thinks  that  he  may  safely  say  that  it  is  impossible,  or 
at  least  impracticable,  to  replace  all  bridges  over  the  South  Branch 
of  the  Chicago  River  with  bascule  bridges  that  will  fulfill  this  require- 
ment for  a  200-ft.  clear  width  of  channel.  There  are  but  few  loca- 
tions where  what  may  be  called  a  200-ft.  channel  bridge  will  provide 
a  200-f t.  clear  channel  for  navigation,  since  but  few  street  crossings 
are  at  right  angles  to  the  river,  and  in  some  cases  the  skews  of  the 
crossings  are  so  extreme  that  the  length  of  spans  required  are  be- 
yond the  practical  limits  of  bascule  bridge  construction.  The  most 
pronounced  skews  occur  where  railroads  cross  the  South  Branch  of 
the  river. 

For  illustration,  the  C.  T.  T.  Railroad  bridge  near  Taylor  Street 
is  a  Scherzer  rolling  lift  bridge  of  275-f t.  span,  centers  of  front  bear- 
ings, the  longest  rolling  lift  or  bascule  span  in  existence  the  writer 
believes,  and  an  unwieldy  one  to  operate,  yet  the  skew  of  the  crossing 
is  such  that  there  is  afforded  but  120  ft.  clear  channel  for  navigation. 
To  obtain  a  200-ft.  river  this  span  must  exceed  400  ft.  in  length, 
which  seems  rather  beyond  the  limits  of  possibility  for  any  structure 
of  the  bascule  or  movable  type.  This  same  condition  of  extreme  skew 
exists  at  the  crossing  of  the  Illinois  Central  Railroad  near  Sixteenth 
Street,  and  of  the  Pittsburg,  Ft.  Wayne  &  Chicago  Railroad  at 
Stewart  Avenue  south  of  Eighteenth  Street. 

Referring  to  the  highway  bridges,  there  are  several  of  these  located 
at  points  where  streets  cross  the  river  at  a  considerable  variation 
from  a  right  angle.  Twenty-second  Street  bridge  is  a  216-ff.  span, 
Scherzer  through  type,  affording  but  140  ft.  clear  channel  for  navi- 
gation and,  because  of  its  length,  it  is  also  somewhat  unwieldy  to 
handle.  For  a  200-ft.  clear  river,  a  bascule  span  at  this  point  must 
exceed  300  ft.  This  great  length  is  a  serious  matter  on  account  of 
the  great  width  of  the  leaves,  the  heavy  floor,  and  the  large  surface 
exposed  to  the  wind  when  the  leaves  are  raised.  At  Canal  Street. 
at  Loomis  Street,  and  at  several  other  street  crossings  somewhat 
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similar  conditions  exist,  and  where  the  distance  between  bascule 
bridge  protections,  if  built  parallel  with  the  fronts  of  the  abutments 
as  in  a  right  angle  bridge,  would  exceed  250  ft. 

Now  as  to  the  question  of  cost.  If  the  added  expense  of  actual 
construction  of  bridges  providing  a  clear  channel  width  of  200  ft.,  or 
as  near  this  width  as  is  practicable  from  a  construction  standpoint, 
was  the  only  element  to  be  considered  there  might  be  less  objection 
to  building  the  longer  spans.  The  cost  of  the  substructure  and  super- 
structure of  a  200-ft.  bridge  crossing  at  a  right  angle  has  been  esti- 
mated to  be  ordinarily  not  more  than  fifty  per  cent  in  excess  of  the 
cost  of  a  140-ft.  bridge,  unless,  because  of  the  greater  span,  build- 
ings must  be  supported  during  construction  of  the  abutments.  As  a- 
matter  of  fact,  however,  the  element  of  property  damages  enters  into 
the  question  of  ultimate  cost  of  these  structures,  as  does  the  time 
necessary  to  adjust  such  damages.  While  this  question  of  property 
damages  may  possibly  be  solved  in  certain  cases  by  the  design  men- 
tioned by  the  author,  or  by  other  designs,  conditions  vary  so  much 
at  the  different  sites  that  no  one  design  can  provide  a  general  solu- 
tion for  all  locations  on  the  river.  The  writer  does  not  propose  to 
enter  into  a  discussion  of  any  particular  type  of  bascule  bridge,  nor 
of  the  merits  of  the  different  types,  patented  and  unpatented,  but  it 
has  been  his  experience  that  practically  all  types  now  in  use  can 
generally  be  modified  and  adapted  to  fit  the  same  conditions,  al 
though  possibly  not  equally  satisfactory  or  with  equal  economy. 
With  favorable  site  conditions  no  type  is  more  satisfactory  than  the 
old  reliable  trunnion  bridge. 

It  may  be  stated  that  the  space  occupied  by  the  abutment  of  a 
bridge  will  not  necessarily  be  a  measure  of  the  damages  to  adjacent 
property.  What  is  really  of  importance  is  the  space  occupied  by  the 
bridge  back  of  the  dock  line,  either  above  the  floor  in  certain  cases, 
or  below  the  floor  in  other  cases.  Up  to  the  present  time  no  bridge 
has  been  constructed  on  the  Chicago  River  having  a  depth  of  less 
than  47  feet  from  face  of  the  protection  to  the  rear  of  the  space  occu- 
pied by  the  bridge,  either  open  or  closed,  and  it  is  extreemly  doubtful 
whether  a  bascule  bridge  can  be  designed  affording  200  ft.  clear 
channel  for  navigation  that  will  not  occupy  47  ft.  or  more  either 
above  or  below7  its  floor.  As  far  as  the  abutment  itself  is  concerned, 
in  certain  designs  it  can  be  placed  within  a  space  of  20  ft.  back  of 
the  face  of  the  protection. 

The  main  Chicago  River  is  at  present  considerably  in  excess  of 
200  ft.  in  width  where  bridges  occur,  and  spans  allowing  only  200  ft. 
clear  channel  can  probably  be  constructed  without  great  attending 
property  damages.  On  the  South  Branch,  however,  north  of  Twenty- 
second  Street,  there  is  probably  no  existing  bridge  at  the  site  of  which 
the  property  damages  may  not  become  a  serious  matter  if  a  bascule 
bridge  is  built  that  will  be  entirely  behind  the  dock  lines  when  the 
leaves  are  in  the  open  position. 

The  rcommendation  of  the  Harbor  Commission  calls  for  straight 
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bottom  chords,  which  requirement  indicates  through  spans  with  the 
trusses  above  the  iloor.  To  cause  the  least  property  damage  due  to 
obstructing  the  fronts  of  buildings  above  the  street  level  with  the 
leaves  in  any  position,  the  leaves  should  generally  be  of  the  deck 
type,  necessitating  arched  lower  chords.  The  fact  that  there  are  no 
slots  in  the  floor  or  street  along  the  curb  lines  does  not  necessarily 
mean  that  the  building  fronts  will  not  be  obstructed  in  an  objection- 
able manner  when  the  bridge  is  open.  Again,  where  the  space  back 
of  the  dock  line  is  occupied  by  railroad  tracks,  some  of  these  tracks 
must  be  abandoned  or  the  design  must  be  such  that  no  movable  part 
will  drop  below  the  clearance  line  above  such  tracks.  This  means 
leaves  of  a  special  design  of  "through"  type,  and  may  require  diffi- 
cult and  expensive  construction  to  support  the  bridge  over  the  tracks. 
Where  tracks  occur  close  to  the  dock  line  on  one  side  of  the  river, 
and  there  are  tall  buildings  on  the  other  side,  the  situation  is  still 
more  complicated  and  the  troubles  are  multiplied. 

Examine  the  river  from  Randolph  Street  to  Van  Buren  Street  and 
you  will  find  tall  buildings  along  the  east  dock  and  immensely  valu- 
able railroad  property  along  or  closely  adjacent  to  the  west  dock. 
To  minimize  property  damages  for  200-ft.  channel  bridges,  condi- 
tions on  the  east  side  indicate  deck  leaves  with  arched  lower  chords, 
and  on  the  west  side  require  through  leaves  carried  by  through  fixed 
spans  crossing  the  tracks,  below  the  floors  of  which  spans  the  rear 
ends  of  the  leaves  must  not  dip.  These  fixed  land  spans  must  be 
carried  by  piers  located  generally  on  the  railroad  property  back  of 
the  dock  line.  The  Sanitary  District  of  Chicago  has  paid  nearly 
$2,500,000  for  a  narrow  strip  of  land  extending  from  Randolph 
Street  to  Van  Buren  Street,  and  to  occupy  another  strip  along  this 
beach,  or  to  obstruct  tracks  on  same,  would  probably  entail  a  still 
greater  additional  expense.  On  the  east  side  of  the  river  other 
problems  must  be  met,  one  of  which  is  raising  the  inclined  approaches 
to  the  bridges,  with  additional  property  damages  resulting  therefrom. 
The  construction  of  abutments  in  the  streets  between  high  buildings 
having  floating  foundations,  or  resting  on  a  few  piles  reaching  barely 
to  the  level  of  the  bed  of  the  river,  may  also  add  very  materially  to 
the  expense  of  the  improvement. 

From  Van  Buren  Street  to  Eighteenth  Street  the  above  mentioned 
conditions  are  reversed,  and  important  railroad  tracks  will  be  found 
close  to  the  east  dock  line.  At  Twelfth  Street  an  inclined  approach 
adjacent  to  and  parallel  with  the  west  dockline  affords  access  to 
important  railroad  yards  to  the  south.  This  incline  can  not  be  moved 
without  disturbing  tracks  and  must  not  be  obstructed  by  the  heel  of 
a  leaf  or  cut  off  when  the  leaf  is  raised.  Railroad  tracks  exist  close 
to  the  east  dock  line  as  at  other  bridges  within  this  stretch  of  the 
river.  To  obstruct  the  track  on  the  east  side  at  Harrison  Street, 
Polk  Street,  or  Taylor  Street  will  be  to  depreciate  enormously  the 
value  of  the  east  dock  property  north  of  such  streets,  and  any  abut- 
ment or  pier  placed  behind  the  dock  line  can  hardly  fail  to  be  an 
obstruction. 
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In  view  of  the  conditions  that  must  be  met,  even  assuming  that 
bridges  affording  a  200-ft.  river  are  practicable,  the  expense  inci- 
dental to  their  construction  will  certainly  be  very  large.  Before  work 
can  be  commenced  at  any  site,  legal  questions  must  be  settled  or 
delays  may  occur  during  construction  due  to  injunction  proceedings, 
pending  the  settlement  of  which  the  public  may  be  deprived  of  the 
use  of  any  bridge,  old  or  new.  Where  railroads  are  to  be  ousted  the 
legal  questions  may  not  be  adjusted  until  final  decisions  are  ren- 
dered by  the  court  of  last  resort,  and  obstructive  litigation  may  extend 
over  a  period  of  years.  It  is  manifest  that  not  more  than  one  bridge 
can  be  built  at  a  time  in  any  one  locality  because  of  the  inconvenience 
to  the  public,  and  with  all  the  preliminary  questions  to  be  settled  no 
one  now  alive  would  probably  see  the  completion  of  the  project  in 
its  entirety. 

Since  it  is  impracticable  to  provide  a  200-ft.  clear  channel  at  all 
bridges,  and  will  be  very  difficult  or  costly  to  provide  this  at  many 
other  bridges,  in  place  of  the  recommendation  of  the  Harbor  Com- 
mission calling  for  200-ft.  bridges  at  every  point,  the  writer  would 
suggest,  for  the  South  Branch,  that  more  feasible  project  of  build- 
ing spans  as  long  as  possible  without  undue  expense  or  protracted 
delays,  such  spans  to  provide  never  less  than  140  ft.  clear  channel 
where  the  river  is  straight,  and  at  bends  extend  the  spans  so  that  the 
convex  dock  lines  will  be  practically  unobstructed.  If  litigation  is 
necessary,  with  its  consequent  delays,  it  had  better  occur  at  these 
vital  points  rather  than  at  locations  where  there  is  less  or  no  great 
necessity  for  the  wider  opening. 

The  foregoing  discussion  is  predicated  upon  the  idea  of  construct- 
ing bridges  of  the  double  Jeaf  bascule  type.  There  is  another  type 
of  structure  now  forcing  recognition  from  engineers,  the  vertical 
lift  bridge,  which  in  its  modern  simplified  form,  has  some  peculiar 
advantages.  In  the  first  place  it  is  economical,  costing  in  long  spans 
probably  less  than  bascules  of  equal  channel  opening,  may  have 
straight  bottom  chords,  and  the  towers  can  be  supported  by  fixed 
spans  over  railroad  yards.  It  can  often  be  built  while  the  old  span 
remains  in  use  for  traffic,  and  the  only  interruption  to  traffic  may 
occur  while  the  old  bridge  is  floated  away  and  the  new  lift  span  is 
floated  or  dropped  into  place.  It  solves,  in  a  very  simple  manner, 
the  problem  of  providing  two  decks  necessary  where  an  elevated 
railroad  crosses  on  a  highway  bridge.  The  towers  of  a  lift  bridge 
can  be  skewed  so  as  to  afford  the  maximum  of  channel  with  the 
minimum  length  of  truss,  and  there  is  nothing  impracticable,  con- 
structively or  for  operation,  in  a  span  of  upwards  of  200  ft.  meas- 
ured along  its  center  line.  To  lift  and  lower  quickly  a  span  of  400  ft. 
or  more  in  length,  however,  such  as  may  be  necessary  to  provide  a 
200-ft.  channel  at  railroad  crossings,  is  another  matter. 

The  writer  does  not  wish  to  be  understood  as  advocating  in  this 
discussion  that  vertical  lift  bridges  be  used,  thus  lining  the  river  with 
towers  190  ft.  or  more  in  height,  nor  does  he  consider  this  type  satis- 
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factory  in  many  respects  nor  a  cure  for  all  of  the  difficulties  herein- 
before mentioned  as  incidental  to  the  construction  of  200-ft.  bascule 
bridges.  It  is  hardly  to  be  imagined  that  any  property  owner  will 
be  delighted  with  a  tower  extending  above  the  roof  of  his  building 
in  front  of  his  windows.  In  appearance  this  type  generally  will  not 
compare  with  the  bascule  bridge,  and  particularly  that  with  the  arched 
lower  chords  condemned  by  navigation  interests.  This  arched  type 
was  adopted  originally  because  its  lines  were  most  pleasing,  its  brac- 
ing most  effective,  and  its  construction  generally  accomplished  with 
economy. 

There  is  a  form  of  the  bascule  bridge  in  common  use  for  railroad 
bridges,  and  which  is  preferred  for  such  where  the  length  of  span 
is  not  excessive;  namely,  the  single  leaf  bascule.  This  form  may 
possibly  be  feasible  for  a  channel  width  somewhat  more  than  140  ft. 
and,  on  account  of  the  small  support  necessary  at  the  far  end  of  the 
leaf,  it  will  meet  almost  any  condition  on  the  far  side  of  the  river. 
Its  abutment  and  heel  must  be  unusually  large,  however,  and  if 
located  adjacent  to  valuable  property  the  damages  may  be  in  propor- 
tion. The  leaf  will  be  very  heavy  and  unwieldy  to  operate,  and  in 
the  case  of  a  highway  bridge  of  the  full  width  of  the  street  the  floor 
area  exposed  to  the  wind  is  somewhat  appalling. 

The  burden  of  delays  at  bridges,  delays  both  to  the  public  and  to 
the  navigation  interests,  is  already  very  great,  and  to  obstruct  the 
Chicago  River  harbor  and  the  deep  waterway  with  heavy,  cumber- 
some structures,  slow  to  move  or  dangerous  to  operate  rapidly,  can 
not  fail  to  increase  this  burden,  and  to  that  extent  defeat  the  end  in 
view. 

No  man  can  foresee  all  possible  improvements  or  new  adaptations 
of  movable  bridges,  and  probably  it  is  presumptuous  to  claim  that  any 
particular  condition  cannot  be  met  in  a  satisfactory  and  practical 
manner.  Without  referring  to  or  reflecting  in  any  way  on  the  de- 
signs mentioned  by  the  author,  it  may  be  said,  however,  that  freak 
schemes  and  devices  have  been  and  probably  always  will  be  pushed 
forward  and  strongly  and  enthusiastically  advocated  by  bridge  de- 
signers, but  which  are  really  impracticable,  or  even  absolutely  un- 
safe. The  movable  bridge  field  has  had  a  peculiar  attraction  for  in- 
ventors, and  the  new  conditions  that  are  to  be  met  will  undoubtedly 
bring  out  a  fresh  crop  of  "new  and  valuable  improvements."  One 
tendency  should  most  certainly  be  watched  for,  guarded  against,  and 
condemned  in  bridge  designs, — that  towards  the  use  of  light  spindling 
supports  for  heavy  movable  spans.  Slim  reinforced  concrete  cylin- 
ders resting  on  rock  are  able  to  carry  heavy  vertical  loads,  even  when 
standing  in  the  river,  but,  unless  of  very  large  dimensions  and 
thoroughly  braced,  cylinders  alone  will  not  properly  absorb  vibrations 
from  the  moving  leaves  or  resist  shocks  or  blows  from  passing  ves- 
sels. The  safety  of  these  structures  lies  in  massive  supports  and, 
with  tracks  to  be  avoided,  where  property  will  be  obstructed,  where 
first  cost  is  of  vital  importance,  and  the  selection  from  competitive 
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designs  is  governed  by  the  relative  cost  of  construction,  the  tendency 
is  to  always  reduce  the  size  of  the  supports  at  the  expense  of  stability 
and  safety. 

There  have  been  many  other  reasons  advanced  for  and  against 
adhering  to  the  present  standard  channel  width  at  bridges  over  the 
river  and  which  will  probably  be  presented  to  the  society  in  this  dis- 
cussion. To  avoid  unnecessary  repetition,  therefore,  the  writer  will 
not  touch  upon  any  of  such  points,  although  they  have  a  very  im- 
portant bearing  on  the  question  of  the  proper  length  of  spans  for 
Chicago  River. 

The  writer  wishes  to  say,  in  conclusion,  that  this  discussion  is 
not  presented  in  a  spirit  of  opposition  to  the  recommendations  of  the 
Harbor  Commission,  but  to  show  some  of  the  difficulties  that  will  be 
encountered  if  the  recommendations  are  followed,  without  modifica- 
tion, in  the  construction  of  all  future  bridges  over  the  river. 

A.  Bement,  m.w.s.e.  (by  letter)  :  Mr.  Ewen  uses  the  expression 
Chicago  harbor,  but  from  the  way  the  matter  presents  itself  to  me, 
I  would  prefer  to  say  harbors ;  we  now  have  three  distinct  harbors 
within  the  city,  counting  that  of  the  Illinois  Steel  Company  in  Lake 
Michigan,  together  with  the  Chicago  and  Calumet  Rivers. 

I  observe  that  the  possibility  of  utilization  of  the  Wilmette  channel, 
now  being  constructed  by  the  Drainage  Board  from  Lake  Michigan 
southwesterly  through  Evanston,  as  a  harbor  entrance  is  mentioned. 
If  the  suggestion  implies  its  use  as  a  harbor  for  pleasure  craft,  I  have 
no  criticism  to  make,  but  think  it  would  be  a  serious  error  to  allow 
the  use  of  this  channel,  in  any  manner  as  a  commercial  or  industrial 
harbor,  because,  in  my  opinion,  the  north  shore  should  be  safe- 
guarded against  encroachment  of  manufacturing  or  business  to  the 
fullest  possible  extent,  that  it  may  continue  to  be  a  suitable  place  of 
residence. 

For  many  years,  the  suitability  of  the  Calumet  district  for  harbor 
purposes  has  been  in  my  mind.  It  is  a  locality  but  little  developed, 
where  land  is  cheap  and  the  opportunity  for  the  construction  of  slips 
and  docks  is  unsurpassed. 

Mr.  Ewen  makes  a  distinction  between  commercial  and  industrial 
harbors.  The  Chicago  River,  I  presume,  would  be  essentially  a  com- 
mercial one,  while  the  Calumet  locality  affords  special  facilities  for 
an  industrial  harbor.  My  understanding  of  such,  is  a  waterway  serv- 
ing a  manufacturing  enterprise,  such  as  the  Illinois  Steel  Co.'s  harbor 
at  South  Chicago,  the  one  giving  direct  access  from  the  lake  to  ore 
docks.  Much  of  the  traffic  in  the  Calumet  River  is  of  like  character, 
and  it  seems  to  me  that  opportunity  for  the  development  of  an  in- 
dustrial harbor  and  the  promotion  of  industries,  in  the  Calumet  dis- 
trict, is  a  great  one.  It  is  also,  in  my  opinion,  desirable  for  ships  to 
reach  the  loading  and  unloading  docks  by  the  shortest  possible  route 
from  and  to  the  lake.  In  this  respect  the  Illinois  Steel  Company  at 
South  Chicago  is  at  an  advantage  as  compared  with  the  Wisconsin 
Steel  Companv.  the  Iroquois  Iron  Company,  and  the  Federal  Furnace 
Company,  all  of  which  are  inland. 
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I  do  not  believe  that  the  industrial  possibilities  of  the  Calumet  re- 
gion have  been  properly  appreciated  in  recent  years.  When  the 
North  Chicago  Rolling  Mill  Company  erected  at  South  Chicago  what 
has  since  become  the  South  Works  of  the  Illinois  Steel  Company,  the 
record  made  by  this  plant  in  its  early  history  was  such  as  to  cause 
it  to  be  generally  believed  among  iron  and  steel  people  that  Chicago 
or,  more  properly  speaking,  the  Calumet  district,  would  become  the 
future  center  of  iron  and  steel  production  in  America,  and  it  was 
fully  predicted  that  Pittsburg's  importance  in  this  respect  would 
rapidly  decline,  and  that  it  would  be  profitable  for  manufacturers  of 
iron  and  steel  to  move  to  Chicago.  Unexpected  influences  often 
change  the  current  of  affairs,  however,  and  it  is  probably  due  to  Mr. 
Andrew  Carnegie  that  the  Calumet  district  did  not  at  the  time  attain 
the  importance  that  was  prophetized  for  it,  as  he,  by  the  exercise  of 
unusual  business  ability  and  foresight,  strengthened  his  enterprises 
at  Pittsburg  by  the  construction  of  a  railroad  to  Lake  Erie  and  the 
replacement  of  old  appliances  and  methods  with  new,  to  such  an 
extent  that  the  benefit  accruing  therefrom  was  sufficient  to  more  than 
overcome  the  advantage  of  the  Calumet  district  as  compared  with 
former  Pittsburg  conditions,  and  this  gave  such  permanency  and 
stability  to  the  steel  business  in  Pittsburg,  that  the  danger  or  the  pros- 
pect of  the  Calumet  locality  becoming  the  center  of  production  was 
practically  forgotten.  I  have  often  thought  that  Mr.  Carnegie  pre- 
vented Chicago  from  being  the  second  largest  city  in  the  country, 
because  if  the  center  of  the  iron  and  steel  business  had  been  changed 
to  the  Calumet  district  as  prophetized,  the  resultant  growth  of  Chi- 
cago would  have  been  very  large.  We  might  not  have  occupied 
second  place  in  size  today,  as  New  York  in  its  annexation  of  Brook- 
lyn made  New  York  a  larger  city  than  Chicago  could  have  been,  but 
undoubtedly  this  city  would  have  been  second  in  size  for  many  years 
prior  to  the  late  New  York  annexations.  But  when  the  United 
States  Steel  Corporation,  of  which  the  Carnegie  Steel  Company  is 
the  most  important  element,  wished  the  best  location  for  a  new  plant, 
the  Calumet  district  was  selected  for  the  Gary  works. 

The  Calumet  district  has  always  been  of  great  interest  to  me,  al- 
though it  is  a  locality  of  swamps  and  shallow  lakes,  in  former  years 
the  paradise  of  the  duck  hunter  and  fisherman.  As  some  interesting 
changes  in  the  flow  of. the  rivers  have  occurred  since  the  advent  of 
the  white  man,  it  has  seemed  to  me  that  it  would  be  interesting  to 
present  maps  showing  the  former  condition  of  the  water  courses  as 
compared  with  those  of  the  present. 

Map  No.  2  has  been  compiled  from  information  afforded  by  the 
records  of  the  Chicago  Historical  Society,  also  as  furnished  by  Major 
Liljencrantz,  Mr.  Albert  F.  Scharf,  and  Mr.  Ellis  Bennett.  Mr. 
Scharf  is  an  archaeologist,  who  has  made  extensive  studies  of  the 
Indian,  and  it  is  from  his  maps  that  the  name  of  Konomic  for  the 
Calumet  Rivers  was  obtained.  It  would  appear  that  this  was  a  very 
early  English  translation  of  the  Indian  name,  later  on  called  Konom- 
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ick,  and  now  known  as  Calumet.  As  shown  on  Map  No.  I  the  Little 
Calumet  River,  having  its  head  waters  in  Indiana,  flowed  west  to  the 
vicinity  of  what  is  now  Blue  Island,  where  it  was  joined  by  a  stream 
now  known  as  Stony  Creek.  From  this  point  it  doubled  back  upon 
itself,  flowing  eastward  and  parallel  thereto,  where  it  found  an  out- 
let into  Lake  Michigan,  that  portion  flowing  westward  having  been 
called  Little,  and  that  portion  flowing  east  having  been  called  Grand 
from  Indian  times  to  the  present,  notwithstanding  that  it  was  all  one 
river.  During  this  time  Lake  Calumet  was  drained  by  a  separate  and 
distinct  stream,  now  known  as  the  Calumet.  Old  French  maps  show 
very  clearly  that  there  was  no  connection  between  the  Calumet  River 
and  the  lakes  of  Wolf,  Hyde  and  George;  the  latter  group  having 
their  own  outlet  which  has  in  later  times  been  known  more  or  less 
under  the  name  of  Wolf  River. 

Reference  to  Map  No.  i,  shows  that  there  is  now  a  connection 
between  the  Grand  Calumet  and  the  Calumet  River  at  Hegewisch, 
and  it  would  appear  that  the  Indians  and  early  French  traders  prob- 
ably dragged  their  canoes  overland  between  the  Grand  Calumet  and 
the  Calumet  River,  and  in  so  doing  established  what  became  during 
some  period  of  high  water,  an  incipient  channel  which,  once  started, 
grew  rapidly  by  erosion,  establishing  a  new  waterway.  The  water 
flowing  in  this  new  direction  instead  of  through  the  old  bed,  re- 
sulted in  the  mouth  of  the  Grand  Calumet  becoming  silted  up, 
reversing  the  direction  of  its  flow.  Thus  its  grandeur  departed. 
Drainage  was  then  from  two  directions  to  Hegewisch  and  from  there 
to  the  Calumet  River.  A  military  map,  prepared  in  1812  by  General 
Hull,  appears  to  be  the  first  one  to  show  the  existence  of  this  new 
connection,  referred  to  on  his  map  as  a  "canal,"  and  shown  to  be 
much  smaller  in  width  than  the  rivers  which  it  connected. 

Reference  to  Map  No.  1  will  show  that  a  new  outlet  from  the 
Wolf  Lake  system  has  been  established  to  the  Calumet  River.  It  is 
not  clear  when  this  occurred,  but  possibly  at  a  more  recent  period 
than  the  other  connection  just  described.  The  three  original  outlets 
to  Lake  Michigan  namely,  the  Calumet,  Wolf  and  Grand  Calumet 
Rivers,  became  silted  up  at  various  times  during  the  dry  season, 
when  the  flow  was  at  a  minimum,  and  it  is  probable  that  on  one  of 
these  occasions  Hyde  Lake  broke  out  to  the  Calumet  River  and 
established  a  new  outlet;  thus,  instead  of  this  district  having  three 
outlets  to  Lake  Michigan,  there  became  only  one  and  that  by  the  way 
of  the  Calumet  River.  It  would  also  appear  that  after  this  occurred, 
these  outlets  became  silted  at  various  times  so  that  there  may  have 
been  high  water  in  Lake  Calumet  and  also  in  Little  and  Grand 
Calumet  Rivers,  with  the  result  that  Wolf  Lake  might  have  broken 
through  again  into  Lake  Michigan,  and  it  would  appear  as  probable 
that,  under  conditions  of  various  degrees  of  silting  up  of  these  three 
outlets,  the  usual  flow  of  the  water  was  interfered  with,  so  that  the 
course  of  the  old  channels  was  to  some  extent  followed.  Mr.  Bennett 
has  told  me  of  driving  across  the  Calumet  near  its  mouth  with  a  load 
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of  hay  during  dry  weather  between  the  years  of  1865  and  1867.  Since 
the  dredging  of  the  Calumet  River,  the  natural  direction  of  the  flow 
has  been  permanently  established,  although  the  ice  company  which 
operates  in  Wolf  Lake  has  opened  the  channel  at  "Wolf  River"  as 
well  as  dammed  the  outlet  to  Hyde  Lake  at  various  times. 

It  would  appear  that  the  first  act  of  improvement  of  the  Calumet 
River  was  the  construction  of  a  small  pier  where  the  north  side  of 
the  mouth  of  the  river  is  now  located.  This  intercepted  the  wash 
from  Lake  Michigan,  so  that  the  river  broke  directly  through  the 
sand  bar.  The  direction  of  "Wolf  River"  was  also  changed  by  the 
building  of  a  pier  on  each  side  as  shown  in  Map  No.  1,  so  the  present 
outlet,  when  not  filled  with  sand,  is  between  these  piers. 

Recent  maps  do  not  show  Hyde  Lake,  as  a  large  portion  of  its 
area  has  practically  disappeared.  The  maps  of  the  United  States 
Geological  Survey,  from  which  these  two  of  mine  have  largely  been 
copied,  show  the  Wolf  Lake  outlet  as  extending  directly  south,  then 
turning  north,  from  which  point  it  reaches  westward  to  the  Calumet. 
The  channel,  however,  has  always  been  straight  across  Hyde  Lake 
from  Wolf  and  westward.  It  appears  that,  when  certain  railroad 
tracks  were  built  in  this  locality,  a  dredge  was  taken  down  the  Calu- 
met, from  which  point  it  cut  a  new*  channel  part  way  to  Hyde  Lake, 
the  remainder  of  the  distance  using  the  original  one,  and  railroad 
embankments  were  raised  by  dredging  material  from  a  long  ditch 
on  the  eastern  border  of  the  lake.  This  excavation  extended  to  the 
southernmost  point  of  the  lake  from  which  another  embankment  was 
made  by  dredging  in  a  northwesterly  direction,  although,  as  shown  on 
the  map,  this  channel  has  been  closed  by  a  fill,  which  furnishes  a 
road  to  what  is  practically  an  island  in  the  lower  end  of  the  lake. 
While  there  is  a  small  culvert  in  this  fill,  the  real  outlet  is  straight 
west  from  Wolf  Lake,  across  Hyde,  as  shown. 

While  a  large  portion  of  this  Calumet  territory  is  in  Indiana,  and 
some  of  our  most  important  recent  industrial  harbor  development  is 
in  that  state,  the  whole  thing  is  so  connected  that,  as  an  industrial 
harbor  proposition,  it  cannot  be  separated. 

I  sham  Randolph,  m.w.s.e.  (by  letter)  :  As  a  preface  to  my  dis- 
cussion of  the  report  of  the  Harbor  Commission,  I  will  say  that  said 
report  presents  a  compromise  of  the  individual  views  of  the  members 
of  that  Commission.  No  one  of  the  eight  men  who  composed  that 
Commission  would  have  presented  that  report  as  the  embodiment  of 
his  own  conclusions  ;  hence  it  represents  concessions  in  the  interest  of 
harmony  and  getting  somewhere. 

For  my  own  part,  it  required  no  little  repression  of  self  to  refrain 
from  sending  in  a  minority  report,  which  I  actually  prepared. 

The  men  on  that  Commission  gave  the  task  submitted  to  them  their 
best  thought  and  patriotic  honest  labor,  and  their  differences  were 
not  captious.  We  differed,  differed  honestly,  and  were  absolutely 
frank  and  above  board  with  each  other. 

I  came  to  the  task,  perhaps,  with  more  of  preparation  than  any 
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other  member  of  the  Commission,  for  my  study  of  the  subject  began 
seventeen  years  before  this  Commission  was  appointed,  and  my  work 
for  long  years  had  been  on  lines  which  tended  to  equip  me  with 
ideas  that  were  ready  to  be  moulded  into  conclusions  of  more  or  less 
worth. 

I  was,  and  am,  radically  in  favor  of  a  harbor  on  the  Lake  Front 
between  Sixteenth  Street  and  Forty-first  Street.  The  greater  part 
of  the  paper  which  I  shall  now  present  will  be  excerpts  from  papers 
which  I  have  written  upon  this  subject  at  sundry  times,  and  my 
minority  report  will  be  quoted  from  at  considerable  length. 

In  1 89 1 -2  I  was  a  member  of  a  Commission  appointed  by  this 
Society  to  report  upon  R.  R.  and  Harbor  terminal  facilities  for  this 
city.  When  the  report  of  that  Commission  was  presented  to  the 
Society,  I  submitted  a  minority  report  on  the  harbor  question.  The 
march  of  events  has  greatly  changed  conditions,  but  some  of  the 
conclusions  I  then  reached  are  valid  to-day.  I  then  stood  for  a  Lake 
Front  Llarbor  and  I  quote : 

"The  communication  of  this  harbor  with  the  interior  must  be 
considered.  No  railway  should  be  allowed  to  enter  this  new 
domain  at  grade,  but  an  adequate  system  of  tracks  should  be 
provided  under  restrictions  which  would  forever  prevent  their 
becoming  a  monopoly  controlled  by  any  connecting  line,  Every 
railroad  entering  Chicago  should  have  the  right  to  use  the 
tracks  upon  terms  of  equality  with  all  competitors." 
Again  I  quote : 

"When  the  esthetic  side  of  this  question  is  presented,  it  is 
elbowed  by  the  very  prosaic  fact  that  no  city  can  thrive  upon 
the  beautiful  alone,  and  the  prosperity  of  Chicago  can  never  be 
sacrificed  to  gratify  the  tastes  of  the  few  who  have  wealth  and 
leisure  to  bestow  upon  such  enjoyments  as  lovely  drives  and 
pleasing  landscapes,  with  wide  expanse  of  waters  for  a  back- 
ground." 
1892  is  a- long  way  behind  us,  and  I  shall  not  quote  again  from  that 
report,  but  will  incorporate  in  my  present  discussion  what  I  have 
written  in  the  very  recent  past,  first  using  a  part  of  a  paper  which  I 
prepared  for  the  Record-Herald's  Waterway  issue  of  August  29th, 
last.     And  the  basis  of   that  harbor  discussion  was  the  minority 
report  which  I  refrained  from  presenting. 

For  reasons  which  a  consideration  of  the  city's  geological 
location,  coupled  with  its  distribution  of  population,  will  make  clear, 
such  a  commerce  as  Chicago  ought  to  have  cannot  be  accommodated 
in  the  Chicago  River. 

This  is  a  triune  city,  its  smallest  division,  the  North  Side,  has  a 
population  greater  than  Milwaukee.  Its  next  smallest  division,  the 
South  Side,  has  a  population  greater  than  BufTalo  and  Detroit  com- 
bined. Its  largest  division,  the  West  Side,  has  a  population  greater 
than  BufTalo,  Cleveland,  and  Duluth  combined,  and  the  aggregate 
population  of  the  three  divisions  exceeds  the  combined  populations 
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of  Buffalo,  Cleveland,  Toledo,  Detroit,  Milwaukee  and  Duluth. 
These  six  cities,  however,  outstrip  Chicago  in  the  aggregate  volume 
of  their  water-borne  commerce. 

These  divisions  of  our  city  are  not  civil  or  imaginary;  they  are 
natural,  and  the  Chicago  River  and  its  branches — North  and  South 
— separate  these  parts  of  a  mighty  whole. 

The  more  than  350,000  inhabitants  of  the  North  Side  wish  to  do 
business  with  the  more  than  750,000  people  on  the  South  Side,  and 
the  1,000,000  or  more  people  of  the  West  Side  are  eager  to  do 
business  with  their  neighbors  across  the  stream,  which  eagerness  is 
reciprocated  by  the  people  of  each  of  the  other  divisions. 

For  these  millions  of  people  to  mingle  in  the  ways  of  trade  and  in 
social  and  political  intercourse  they  must  use  the  five  (5)  bridges 
on  the  main  river,  the  fourteen  (14)  bridges  on  the  North  Branch, 
and  the  twenty-two  (22)  bridges  on  the  South  Branch. 

These  human  tides  do  not  ebb  and  flow  twice  in  twenty-four 
hours,  but  they  meet,  mingle,  and  move  in  opposite  directions,  in  all 
of  the  hours  from  dawn  until  midnight,  and  interruptions  due  to 
opened  bridges  for  the  accommodation  of  river  traffic  are  met  with 
maledictions  loud  and  deep. 

Manifestly,  such  a  lake  commerce  as  Chicago  ought  to  have  can- 
not be  carried  on  in  its  river  without  imposing  a  real  hardship  upon 
the  hundreds  of  thousands  of  people  who  must,  in  the  legitimate 
pursuit  of  business  or  pleasure,  cross  and  recross  these  bridges  at  all 
hours  of  the  day  and  night. 

What,  then,  does  Chicago  need  in  the  way  of  a  harbor? 

My  answer  to  this  question  is :  It  needs  a  harbor  of  such  depth 
that  the  heaviest  laden  modern  freighter  can  float  in  it ;  a  harbor  so 
arranged  that  vessels  can  enter  and  depart  under  their  own  steam 
without  the  assistance  of  tugs ;  a  harbor  ample  in  area  to  serve  as 
the  anchorage  for  any  fleet  likely  to  seek  its  shelter ;  a  harbor  amply 
protected  by  breakwater  or  sea  wall ;  and — most  vital  to  its  success 
— a  harbor  so  located  that  every  railroad  entering  the  city  can  reach 
it ;  and  that,  too,  upon  terms  of  equal  advantage  to  every  user. 

The  docks  of  this  harbor  must  be  equipped  with  every  convenience 
for  handling  the  freight  and  making  transfers  from  hold  to  ware- 
house, from  warehouse  to  hold,  and  for  interchange  between  rail 
and  water-borne  commodities. 

There  must  be  room,  abundant  room;  room  for  tracks,  ware- 
houses, elevators,  passenger  accommodations,  and  all  of  the  indus- 
tries that  enter  into  the  life  of  a  great  port. 

This  should  be  the  place  from  which  through  shipments  move  to 
destination  without  cumbering  city  tracks  and  highways;  the  place 
from  which  local  freights  may  be  handled  by  lighter  to  and  from  the 
city  warehouses  and  depots  along  the  river ;  the  place  where  bulk 
shall  be  broken  in  the  interchange  betwen  the  users  of  the  "Lakes- 
to-the-Gulf"  waterway  and  the  lake  carriers. 

Where  in  or  near  Chicago  can  the  ideal  site  for  such  a  harbor  be 
found  ? 
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This  location  is  very  apparent.  It  lies  like  a  fallow  field  waiting 
to  be  put  to  the  highest  use  to  which  in  the  service  of  the  city  it  can 
be  dedicated ;  it  stretches  along  the  waterfront  from  Sixteenth  Street 
to  Forty-first  Street.  Nowhere  else  is  there  an  area  so  accessible  to 
rail  and  water.  Nowhere  else  can  the  commerce  of  Chicago  be  so 
located  as  to  bring  rail  and  water  into  such  complete  and  ample  con- 
tact. Nowhere  else  can  such  harbor  facilities  as  Chicago  ought  to 
provide  be  created  for  so  small  an  expenditure. 

The  Lake  Front  has  been  monopolized  by  one  railroad  south  of 
the  main  Chicago  River  and  north  of  that  river  access  has  been  had 
to  it  over  one  other  railroad  only.  These  two  have  controlled  any 
Lake  Front  harbor  development.  They  have  been  able  to  dictate 
the  terms  upon  which  any  other  road  should  do  business  with  lake 
shipping.  That  such  a  condition  is  calculated  to  strangle  interchange 
between  lake  and  rail  is  apparent.  With  these  convictions  prompt- 
ing my  studies,  I  have  sought  to  find  the  line  of  least  resistance  to 
any  comprehensive  plan  for  bringing  all  of  the  railroads  to  the  lake, 
and  to  select  the  locality  which  would  lend  itself  most  fully  to  the 
development  of  a  harbor  worthy  of  Chicago's  future,  and  adequate 
to  her  needs,  if  not  for  all  time,  at  least  for  many  generations. 

My  active  participation  for  twenty-eight  years  in  the  railroad  and 
waterway  construction  in  and  around  Chicago  has  given  me  a  com- 
prehension of  the  local  conditions  upon  which  to  base  my  convic- 
tions. My  first  care  has  been  to  select  a  route  which  would  form  a 
connecting  thoroughfare  for  all  of  the  railroads  and  lead  them  along 
an  ample  right  of  way  to  the  Lake  Front  somewhere.  Naturally 
enough,  my  thoughts  in  this  connection  turned  to  the  Illinois  and 
Michigan  Canal  as  an  available  entrance  to  the  city. 

This  canal  was  once  a  force  for  good  in  the  upbuilding  of  Chicago, 
before  the  march  of  progress  dwarfed  its  capabilities  and  it  was  out- 
stripped by  the  railways.  When  no  longer  a  highway  of  commerce 
because  it  had  been  outgrown,  it  entered  upon  another  career  of 
usefulness  as  the  outlet  for  a  vast  amount  of  Chicago's  vilest  sewage, 
which  was  lifted  into  it  by  the  city  sewage  pumps  at  Bridgeport,  and 
just  to  the  extent  of  that  pumping  was  the  water  supply  preserved 
from  pollution.  But  that  was  an  alleviation  only,  and  not  a  cure, 
and  so  the  Sanitary  Canal  was  built,  and  thereafter  the  old  canal 
from  Chicago  to  Joliet  lost  its  claim  to  usefulness.  But  another 
career  is  open  to  it.  The  cost  of  railroad  terminals  in  our  great 
cities  has  become  so  great  that  it  is  a  check  upon  railroad  building, 
and  cities  suffer  the  loss  of  multiplied  means  of  communication 
because  their  gates  are  shut  against  new  comers  in  the  family  of 
railroads. 

The  destiny  of  the  Illinois  &  Michigan  Canal  should  make  it  the 
highway  along  which  new  railways  may  enter  Chicago  upon  living 
terms,  and  over  which  existing  railways  may  interchange  business 
economically.  The  right  of  way  of  this  canal  is  240  feet  wide  (28.80 
acres  to  the  mile),  and  four  and  one-third  miles  of  it  are  within  the 
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city  limits.  This  stretch  at  least  should  belong  to  the  City  of  Chicago. 
The  property  right  in  it  should  be  secured  from  the  general  govern- 
ment, and  the  state  should  vest  its  right  thereto  in  the  city.  This  is 
equity.  The  canal  was  built  for  commerce,  commerce  has  deserted 
it,  and  by  its  side  flows  a  channel  which  in  depth  and  width  meets 
the  needs  of  the  great  inland  freight  carriers  of  our  modern  times. 
This  new  channel  has  been  provided  by  Chicago  free  of  any  expense 
to  government  of  nation  or  state,  and  whatever  salvage  there  may  be 
in  the  old  canal  should  be  given  to  the  people  who  have  paid  for  the 
new.  This  canal  right  of  way  is  crossed  by  belt  lines  and  trunk  lines ; 
it  is  paralleled  by  trunk  lines.  The  lines  which  cross  it  are  so  high 
above  its  surface  that  a  17  foot  head  room  can  be  secured.  This 
right  of  way  will  accommodate  18  lines  of  track  laid  13  feet  apart 
center  to  center.  It  terminates  at  the  West  Fork  of  the  South 
Branch.  This  canal  right  of  way  can  be  connected  with  the  Lake 
Front  harbor  over  a  route  which  traverses  property  which  is  to-day 
of  little  value  and  sparsely  settled.  This  route  would  extend  from 
the  canal  right  of  way  southeasterly  to  a  junction  with  the  Stock 
Yards  tracks,  which  cross  the  city  on  the  line  of  40th  Street.  It 
could  parallel  those  tracks  on  a  contiguous  right  of  way  as  far 
as  the  Lake  Front.  This  location  avoids  a  new  invasion  of  residen- 
tial property  and  creates  no  added  nuisance  in  crossing  the  city.  It 
could  enter  a  harbor  reservation  at  or  above  40th  Street.  Between 
that  street  and  16th  Street  a  harbor  can  be  developed  ample  for  all 
of  the  present  and  future  needs  of  Chicago.  No  other  location  is 
so  conveniently  located  to  meet  all  of  the  needs  of  the  city.  Nowhere 
else  can  lands  ample  in  extent  be  so  cheaply  acquired  for  the  uses 
of  a  lake  and  rail  terminal.  Nowhere  can  rail  and  water  meet  to 
serve  Chicago  and  build  up  her  wealth  and  prosperity  as  in  the 
stretch  indicated.  This  location  avoids  augmenting  the  congestion 
of  the  sorely  overtaxed  business  center  of  the  city,  and  yet  it  is  so 
situated  as  to  be  easy  of  access  to  the  industries  of  the  city  which  are 
dependent  upon  public  carriers  for  their  intercourse  with  their  cus- 
tomers and  the  supply  of  the  materials  used  in  the  conduct  of  their 
business.  Nowhere  else  can  provision  be  made  for  street  car  and 
elevated  road  communication  with  the  harbor  area  with  such  slight 
extension  of  the  existing  and  nearly  adjacent  public  utilities.  Here 
every  class  of  water-borne  commerce  can  be  accommodated  with 
ease  and  admirable  convenience. 

The  plan  outlined  would  bring  into  the  harbor  area  over  the  south- 
ern right  of  way,  the  following  railways  :  The  Santa  Fe ;  The  Illinois 
Central,  (Sioux  City  Line)  ;  The  Wisconsin  Central;  The  Chicago 
and  Alton ;  Belt  Railway  of  Chicago ;  The  Illinois  Northern ;  The 
Illinois  Western ;  The  Pan  Handle ;  The  Chicago  Terminal  Trans- 
fer ;  The  B.  &  O. ;  The  Wabash ;  The  Grand  Trunk ;  The  Erie ;  The 
Monon ;  The  Chicago  &  Western  Indiana ;  The  Pennsylvania  ;  The 
Chicago,  Rock  Island  &  Pacific;  The  Chicago  &  Eastern  Illinois; 
The  Lake  Shore  &  Michigan  Southern ;  The  Chicago,  Milwaukee  & 
St.  Paul   (over  the  Stock  Yards  tracks')  ;  The  Chicago  and  Great 

Vol.  XIV.    No.  6 


Discussion     I'hc  Chicago  Harbor  779 

Western  (over  the  Chicago  Terminal  tracks).  The  Illinois  Central, 
the  Michigan  Central,  and  the  Big  Four  arc  now  on  the  Lake  Front 
adjacent  to  the  proposed  development.  The  Chicago  &  Northwest- 
ern and  the  C.  B.  &  Q.  being  part  owners  with  the  Illinois  Central 
and  the  Lake  Shore  &  Michigan  Southern  in  the  St.  Charles  Air 
Line,  they  would  have  access  to  the  proposed  harbor  area  from  the 
north  end.  Such  an  aggregation  of  roads  would  need  a  large  area 
for  tracks  to  serve  the  harbor,  and  nowhere  else  can  the  necessary 
area  be  procured  or  created  adjacent  to  navigable  water  for  so  small 
an  outlay  of  money  and  labor.  A  description  of  the  details  of  con- 
struction of  such  a  harbor  as  is  here  presented  in  a  broad  way,  would 
be  out  of  place  at  this  time,  so  it  is  omitted.  Nowhere  else  can  such 
conveniences  be  provided  at  so  small  a  cost  for  the  traveling  public 
and  the  business  public  who  would  want  to  reach  this  harbor  area. 
A  short  loop  track  from  the  Alley  Elevated  along,  say,  18th  Street 
would  give  access  to  its  patrons  and  those  from  connecting  lines. 
The  Indiana  Avenue  line  could  be  brought  in  on  18th  Street  and 
carried  along  the  whole  water  front  with  cross  connections  to 
Cottage  Grove  Avenue.  Into  this  area  the  existing  underground 
railway — miniature  of  what  Chicago  ought  to  have — could  be 
brought, — brought,  however,  with  due  care  that  it  shall  not  block 
the  coming  of  the  real  subway,  which  Chicago's  necessities  will  bring 
into  being  at  no  distant  day.  An  avenue  not  less  than  200  feet  wide 
should  be  reserved  along  and  contiguous  to  the  east  side  of  the 
Illinois  right  of  way.  Or,  better  still,  the  right  of  way  of  the  Illinois 
Central  should  be  shoved  east  200  feet  and  its  present  right  of  way 
be  used  as  an  avenue  or  boulevard.  The  government  should  protect 
this  harbor  with  an  ample  breakwater.  For  the  rest,  the  city  must 
work  out  its  accomplishment  in  ways  to  be  devised  by  business 
statesmanship.  The  first  step  which  I  urge  is  a  vigorous  effort  to 
repeal  the  legislative  enactment  which  gave  the  South  Park  for 
beauty  what  the  city  needs  for  business.  Give  back  to  commerce  and 
industry  all  of  the  Lake  Front  from  16th  to  41st  Street  and  let  the 
parks  have  all  of  the  rest.  Is  three  miles  out  of  twenty-two  miles  of 
water  front  too  much  to  ask  for  Chicago's  commerce?  Then  con- 
demn all  riparian  rights  on  the  reclaimed  stretch.  This  vast  im- 
provement should  be  undertaken  and  carried  out  not  as  a  revenue 
bearing  project  per  se,  hut  to  build  up  the  commerce  of  the  city. 
Manchester  (England)  put  seventy-seven  million  dollars  into  its 
ship  canal,  that  it  might  become  a  seaport.  The  traffic  on  that  canal 
has  not  earned  a  return  in  tolls  which  would  justify  its  construction, 
but  its  building  gave  Manchester  an  impetus  in  growth,  and  the 
wealth  attendant  upon  growth,  so  vast  that  the  millions  put  into  the 
canal  are  insignificant  contrasted  with  the  results. 

On  pages  33-4  of  the  report  of  the  Commission  there  is  a  disserta- 
tion on  the  evil  effects  of  the  current  in  the  Chicago  River,  and  the 
need  for  slowing  it  down,  and  a  note  following  this  dissertation 
records  my  dissent. 
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Now,  1  have  yet  to  hear  a  complaint  based  upon  the  velocity  of  the 
current  in  those  stretches  of  the  river  in  which  has  been  obtained 
the  depth  and  cross  section  called  for  by  the  plans  of  the  Sanitary 
District  of  Chicago.  The  current  throughout  the  South  Branch, 
when  the  whole  work  is  completed,  will  fall  below  the  government 
requirement  limiting  the  velocity  to  1)4  mile  per  hour.  There  will 
be  a  slight  acceleration  of  current  in  the  bridge  openings. 

My  associates  on  the  Commission  looked  favorably  upon  a  sugges- 
tion that  the  velocity  in  the  stream  be  reduced  by  introducing  at  or 
near  16th  Street  a  volume  of  water  from  the  lake  through  a  conduit. 
I  called  attention  to  the  fact  that  such  introduction  would  so  diminish 
the  slope  in  the  stream  as  to  vitiate  the  plans  of  the  Sanitary  District. 
There  must  be  a  steady  inflow  from  the  lake  through  the  main 
Chicago  River,  and  the  hydraulic  gradient  south  of  the  forks  of  the 
river  must  be  sufficient  to  maintain  that  flow,  otherwise  the  polluted 
waters  effluent  from  the  North  Branch  would  escape  into  the  lake 
via  the  main  river.  The  distance  from  the  lake  via  the  main  river 
and  the  south  branch  is  nearly  3^  miles,  while  the  distance  from  the 
lake  to  the  east  bank  of  the  river  via  16th  Street  is  only  3,900  feet; 
so  it  is  readily  seen  that  the  introduction  of  water  from  the  lake  at 
or  near  16th  Street  in  any  volume  which  would  diminish  the 
hydraulic  gradient  north  of  that  point  would  be  disastrous  to  the 
sanitary  project. 

BRIDGE   OPENINGS. 

The  first  two  bridges  built  by  the  Sanitary  District  across  the 
Chicago  River,  provided  for  the  Taylor  Street  crossing  and  for  the 
Chicago  Terminal  Transfer  R.  R.,  and  their  clear  spans  between  pile 
protections  simply  met  the  Federal  requirement  of  120  feet  at  right 
angles  to  the  thread  of  the  stream ;  after  that,  nine  other  bridges  were 
built  by  the  district  with  140  foot  openings  between  pile  protections 
measured  at  right  angles  to  the  thread  of  the  stream.  In  these  later 
bridges  Federal  requirement  was  exceeded  by  20  feet.  This  pro- 
vision, in  my  judgment,  meets  every  reasonable  commercial  demand. 
It  is  truly  urged  that  no  two  of  the  great  freighters  could  pass 
each  other  in  an  opening  of  only  140  feet;  they  cannot,  and  they  do 
not  need  to.  I  quote  from  my  reply  to  an  attack  made  upon  me  for 
my  measure  of  responsibility  for  these  T40  foot  bridges: 

"If  these  freighters  were  not  barred  from  other  causes  the 
bridges  would  not  keep  them  out  of  the  Chicago  River.  A 
proper  system  of  handling  such  traffic  would  designate  passing 
points.  Vessels  should  be  despatched  just  as  they  are  in  the 
Suez  Canal.  There,  no  two  large  vessels  are  allowed  to  pass 
each  other  both  being  in  motion  ;  in  that  canal  one  must  lay  by 
until  the  other  passes,  and  they  move  under  orders  from  the 
canal  despatchcr.  Vessels  of  the  large  class  can  pass  between 
Clark  Street  and  Fifth  Avenue;  between  Madison  Street  and 
Adams  Street;  between  Harrison  and  Polk  Streets;  between 
Polk  and  Tavlor  Streets,  and  in  any  inter-bridge  section  of  the 
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river  south  of   [2th   Street,  except  between  the   Fort   Wayne 

Bridge  and   Canal"  Street.     The    Chicago   Harbor   Master   can 

direct  the  movement  and  designate  the  passing  places  for  boats." 

As  a  concession  to  public  opinion,  I  would  be  willing  to  require 

that  all  future  bridge  openings  be  200  feet  in  the  clear,  provided  the 

cost  of  so  doing,  including  damages  to  abutting  property,  would  not 

be  more  than  20%  greater  than  the  cost  of  the  140  foot  openings. 

We  are  assured  by  owners  of  patented  designs  that  this  increase  in 

cost  will  not  be  exceeded  if  their  designs  are  used.     This  may  be  so 

but,  like  the  Scotchman,  I  "hae  ma  doots."    The  desirability  of  level 

bottom  chords  for  all  these  river  bridges  cannot  be  questioner. 

There  is  a  constant  harking  back  to  the  project  for  a  channel  from 
the  lake  to  the  river  somewhere  south  of  16th  Street.  In  a  written 
discussion  of  this  project  which  I  submitted  to  my  associates  of  the 
Harbor  Commission,  I  said  : 

It  has  been  suggested  that  a  new  channel  be  constructed 
across  the  Northern  peninsula  of  the  South  Side,  and  that  north 
of  this  new  entrance  the  bridges  across  the  South  Branch  be 
made  fixed  structures.  An  admirable  suggestion  this,  and  one 
which  I  worked  on  and  abandoned  all  hope  of  about  ten  years 
ago.  Some  of  the  obstacles  to  this  project  are  readily  admitted. 
Corporate  interests  are  almost  impregnably  intrenched  in  their 
vested  rights.  Foremost  in  the  ranks  of  opposition  are  the 
Railroads.  Starting  from  the  Lake  Front,  we  first  meet  the 
Illinois  Central  R'y  with  its  200  ft.  right  of  way,  and  its  network 
of  tracks.  Next  in  order  is  the  South  Side  Elevated  Road. 
Then  the  Lake  Shore  &  Michigan  Southern  and  the  Chicago, 
Rock  Island  &  Pacific  Railways.  Passing  these  we  come  to  the 
Penna  Co.,  closely  paralleled  by  the  Chicago  &  Western  Indiana 
R'y  and  its  tenants,  the  Grand  Trunk,  the  Wabash,  the  Monon, 
the  Erie.  Then  the  Alton,  Santa  Fe  and  Illinois  Central  group 
must  be  crossed.  Thus  it  will  be  seen  that  a  most  formidable 
aggregation  of  public  corporations  would  make  common  cause 
against  a  new  channel  across  the  South  Side.  The  location  for 
such  a  channel  which  I  have  in  mind  in  this  discussion  is  South 
of  22nd  Street ;  a  location  North  of  this  would  be  complicated 
by  the  existence  of  extensive  railroad  yards. 

"But  the  opposition  of  these  public  corporations  would  be 
insignificant  compared  with  the  opposition  of  the  people  of  the 
South  Side.  The  business  heart  of  the  city  exists  in  the  north- 
ern end  of  the  South  Side  peninsula.  The  South  Side  is  in 
direct  and  unobstructed  communication  with  this  business 
center,  and  it  has  a  vast  advantage  by  reason  of  this  fact.  An 
advantage  which  they  would  not  yield  without  a  struggle  akin 
to  that  which  they  would  make  for  the  right  to  exist. 

"As  before  said,  the  business  center  is  at  the  Northern  end 
of  the  South  Side.  For  some  subtle  reason,  this  location  has 
attracted  to  itself  the  concentration  of  Chicago's  business  devel- 
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opment.  Here  are  its  great  stores ;  here  are  intrenched  its  bank- 
ing interests ;  here  its  great  office  buildings ;  here  the  seat  of  civic 
government ;  here  "its  art  treasures ;  and  here  centers  the  Federal 
power  in  this  State.  All  these  by  natural  selection  have  identi- 
fied themselves  with  the  South  Side,  and  from  these  the  South 
Side  will  not  be  divorced  by  any  artificial  creation.  More  than 
six  hundred  thousand  people,  aroused  and  contending  for  their 
birth  right,  cannot  be  satisfied  by  our  theories  of  what  ought  to 
be.  The  channel  to  the  West  has  entered  by  Nature's  route,  not 
the  best  one  by  any  means,  but  there  it  has  the  right  of  way. 
Every  other  suggested  route  has  a  barrier  across  it  and  the 
point  of  least  resistance  remains  to  be  found." 

Pages  55  to  58  of  the  Report  of  the  Commission  give  its  recom- 
mendations in  concise  form.  Of  most  of  these  recommendations  my 
approval  is  hearty,  in  some  I  merely  acquiesce,  and  with  one  or  two 
I  disagree. 

Taking  the  Chicago  River  (Main  and  South  Branch),  I  am  in 
hearty  accord  with  (a)  and  (b).  (c)  I  consider  a  concession  to 
public  clamor,  which  should  be  made  if  the  cost  does  not  exceed  the 
cost  of  140  foot  clear  spans  by  an  amount  greater  than  20%.  (d), 
(e)  and  (f)  I  am  in  accord  with,  (f)  I  favor  not  so  much  for  its 
effect  on  navigation,  as  I  do  on  the  ground  that  it  will  widen  the 
space  between  Clark  Street  and  the  River,  and  provide  area  for  the 
South  Side  Union  Depot,  which  we  ought  to  have,  (g)  has  my 
hearty  approval.  Against  (h)  I  protest  for  reasons  given  in  my 
previous  discussion,     (i)  seems  to  me  to  be  a  commercial  necessity. 

When  we  come  to  "Chicago  River  (North  Branch),"  I  am  in 
perfect  accord  with  everything  until  (h)  is  reached,  and  I  have  no 
quarrel  with  anybody  who  wants  to  make  the  investigations  there 
suggested.  My  own  study  of  the  question  satisfies  me  that  the  North 
Shore  channel  will  never  be  a  navigable  waterway  for  craft  other 
than  lighters,  barges,  and  tugs  which  require  16  feet  of  head  room 
or  less. 

We  now  come  to  "Lake  Front."  There  I  swallow  the  first  four 
letters  of  the  alphabet,  but  (d)  sticks  a  little.  I  regard  the  harbor 
south  of  16th  Street  as  being  of  paramount  importance.  If  the  park 
feature  can  be  made  to  work  into  the  scheme  without  detriment  to 
the  harbor,  well  and  good,  but  the  importance  of  the  harbor  over- 
rides every  consideration  or  dream  of  beauty. 

"Illinois  &  Michigan  Canal" — I  am  enthusiastically  in  favor  of 
that  proposition. 

"Calumet  River  &  Harbor" — Those  recommendations  are  all 
right.  Chicago's  growth  will  demand  the  facilities  suggested  there 
as  well  as  the  Lake  Front  harbor,  but  I  put  the  Lake  Front  harbor 
before  the  Lake  Calumet  development. 

"Harbor  Administration  and  Finances" — All  that  is  there  recom- 
mended is  most  desirable. 
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Closure. 

Mr.  Ewen:  It  seems  to  me  that  Mr.  Sherman  dues  not  give  suffi- 
cient thought  to  the  necessity  of  providing  for  package  freight,  fruit 
and  vegetables  consumed  by  Chicago  proper.  This  freight  cannot 
go  to  Calumet  and  be  hauled  to  the  consumer  who  is  in  the  neighbor- 
hood of  the  Chicago  River,  its  branches,  and  the  West  and  North 
West  Sides.  Neither  does  he  give  any  attention  to  the  passenger 
business,  which  is  of  great  importance  and  should  be  encouraged. 
What  he  says  about  Calumet  is  true.  The  industrial  harbor  once 
started  there  will  soon  develop  the  territory  in  the  Calumet  region, 
so  that  it  will  have  the  requirements  for  supplying  its  population  as 
that  section  grows  in  the  near  future.  Its  industrial  harbor  will  also 
become  a  commercial  harbor,  with  all  the  facilities  for  supplying 
food  and  clothing,  fuel,  and  all  requirements  to  its  people  at  mini- 
mum cost.  It  is  hoped  that  this  will  be  done  and  that  Calumet  will 
not  find  itself  in  the  position  Chicago  proper  finds  herself,  with  most 
inadequate  facilities  for  handling  marine  commerce. 

I  have  read  with  much  interest  all  that  Mr.  Dart  says,  and  can 
state  that  all  of  the  difficulties  he  recites  were  brought  out  in  the 
Harbor  Commission  work.  There  are  many  difficulties  that  will  re- 
quire the  best  work  of  the  best  "engineers  to  solve.  What  we  want 
to  do  is  to  get  the  city  of  Chicago  to  start  the  work,  and  to  get  as 
quickly  as  possible  an  organization  that  can  properly  cope  with  these 
difficulties  and  solve  them.    For  solve  them  we  can  and  will. 

Referring  to  Mr.  Bement's  discussion,  I  have  the  same  faith  in 
the  Calumet  district  that  he  has,  but  in  order  to  accomplish  anything 
there  a  policy  must  first  be  established  by  the  City  Council  of  Chicago 
that  will  embrace  the  whole  territory,  including  the  Chicago  River, 
outer  harbor,  and  Calumet.  This  is  what  we  are  trying  to  do  now, 
and  the  work  of  the  committee  from  this  Society,  cooperating  with 
the  Council  Committee  and  the  Harbor  Commission  will,  in  my 
opinion,  bring  about  the  results  quicker  than  in  any  other  way.  The 
finer  details  can  be  worked  out  after  proper  organization.  I  look 
forward  to  this  winter's  work  as  accomplishing  much  for  Chicago 
in  getting  started  on  a  plan  embracing  all  this  territory  in  a  broad 
sense. 
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MINE  ACCIDENT  INVESTIGATIONS  OF  THE  UNITED  STATES 
GEOLOGICAL  SURVEY. 

George  S.  Rice,  m.w.s.e. 

Read  December  I,  ipop. 

The  coal  fields  of  the  United  States  are  of  tremendous  extent,  and 
besides  indicating  the  great  resources  of  our  country,  show  the 
difficulties  of  the  Mine-Accident  Section  of  the  U.  S.  Geological 
Survey  in  attempting  to  cover  the  wide-spread  areas.  There  is  the 
great  Appalachian  Basin,  running  about  1,500  miles  northeast  and 
southwest;  the  Eastern  Interior  field,  which  embraces  Illinois,  In- 
diana and  western  Kentucky;  the  Western  Interior  field,  running 
from  Iowa  down  into  Oklahoma ;  and  then  the  great  Rocky  Mountain 
fields,  where  the  coal  runs  practically  through  from  outcrop  to  out- 
crop, although  at  great  depth,  and  for  that  reason  it  has  not  been 
figured  into  the  resources.  Finally,  we  have  the  limited  but  valu- 
able Puget  Sound  fields. 

The  work  that  I  am  to  describe  is  that  connected  with  mine  acci- 
dents, and  the  scope  is  limited  only  by  the  great  fields  mentioned. 

In  1908,  as  a  result  of  the  great  series  of  mine  disasters  during 
1907,  in  which  1,148  men  were  killed  by  explosions,  648  in  the  single 
month  of  December,  Congress  made  an  appropriation  for  the  inves- 
tigation of  coal  mine  accidents,  and  placed  the  work  under  the 
Technologic  Branch  of  the  U.  S.  Geological  Survey. 

This  appropriation  became  available  on  July  1,  1908.  A  number 
of  mining  engineers  and  chemists  were  at  once  engaged  to  form  a 
mine  accident  division  and  the  reconstruction  of  old  buildings  on 
the  Arsenal  grounds  at  Pittsburgh.  Pa.,  for  a  testing  station,  was 
immediately  begun.  This  work  was  finished  and  machinery  in- 
stalled before  winter.  The  formal  opening  took  place  on  Decem- 
ber 3,  1908.  Fuel  testing  and  structural  material  investigations  are 
also  carried  on  at  the  same  station,  but  we  are  concerned  in  the  pres- 
ent paper  only  with  the  Mine  Accident  Investigation.  Dr.  J.  A. 
Holmes,  Chief  Expert,  is  in  charge  of  the  Technologic  Branch,  with 
headquarters  at  Washington. 

Mr.  H.  M.  Wilson,  also  of  Washington,  is  Chief  Engineer  and  Mr. 
T.  C.  Roberts,  Assistant  Chief  Engineer,  has  immediate  supervision 
of  the  Pittsburgh  Station. 

By  far  the  larger  number  of  men  engaged  in  mining  killed  in  mine 
accidents  are  victims  of  falls  of  roof  and  coal.  From  all  causes  the 
number  thus  killed  and  injured  reaches  enormous  proportions.  2.092 
killed  and  4.800  injured  in  1906:  3.125  killed  and  5.316  injured  in 
1907 ;  and  2,450  killed  and  6.yy2  injured  in  1908. 

Diagram  A  shows  the  number  killed  per  1,000  employed  each 
year  since  1800.  Most  unfortunately  the  number  has  shown  an 
increase  instead  of  a  decrease,  whereas  abroad  the  opposite  is  the 
case.     In  the  number  killed  per  1.000  employed  we  are  now  where 
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Belgium  was  eighty  years  ago.  Everyone  of  the  foreign  countries 
has  shown  a  marked  decrease  in  the  number  of  mine  accidents.  The 
present  contrast  is  very  marked,  as  shown  by  the  following  table 
from  U.  S.  Geological  Survey  Bulletin  No.  333. 


5  00 


400 


5.00 


7  DC 


100 


|89S>       1896        1997        1698       1899        19O0       190'  \90%       1903        1904        19OS       1906        I9£>7        190B 


DIAGRAM     A 
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Number  of  men  killed  for  each  1,000  employed — average  for  five 
years : 

(1901-1905)  0.91 

(1902-1906)  1. 00 

( i 902-1906)  1.28 

( 1 900-1904) 2.06 

(1902-1906)  3.39 


France 
Belgium 
Great  Britain 
Prussia 
United  States 


I  am  sorry  to  say  we  head  the  roll  in  the  number  killed.  In  this 
table  we  take  account  only  of  those  killed,  because  it  is  much  more 
difficult  to  account  properly  for  the  number  of  injured,  but  that  is 
usually  about  twice  the  number  that  have  been  killed.  Ours  is  a  sad 
contrast  with  these  foreign  records.  We  may  well  ask  what  is  the 
reason.  Our  mechanical  equipment  has  inproved,  yet  the  statistics 
show  a  slightly  increasing  rate  in  the  loss  of  life,  while  in  all  other 
civilized  countries  there  is  a  decrease. 

The  writer's  study  of  conditions  abroad  leads  him  to  believe  that 
the  important  factors  are — lack  of  discipline  and  lack  of  knowledge, 
the  use  of  long  flame  explosives  and  in  construction,  the  use  of  in- 
flammable material  in  shafts  and  shaft  bottoms.  The  burden  is 
usually  laid  upon  carelessness  on  the  part  of  the  individual  miner. 
After  all,  that  means  lack  of  discipline.  One  careless  man  can  en- 
danger the  lives  of  four  or  five  hundred  in  a  large  mine.    Whether 
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the  non-enforcement  of  discipline  is  due  to  the  labor  unions  or  to 
the  lack  of  unity  on  the  part  of  the  operators,  or  the  non-enforce- 
ment of  laws  on  the  part  of  the  state  officials,  is  too  complicated  to 
discuss  in  this  paper. 

Ignorant  men  are  found  in  all  countries.  It  is  well  known  that 
experienced  miners,  trained  abroad,  when  they  come  to  this  country 
disregard  all  matters  of  safety  that  have  been  enforced  in  the  older 
countries. 

I  remember  an  instance  in  a  gassy  mine  in  Pennsylvania,  I  saw  an 
English  miner  of  intelligence  place  his  lamp  on  the  floor — on  an 
irregular  floor.  I  said,  "What  would  happen  if  you  did  that  in 
Yorkshire?"  "Oh,"  he  said,  "I  would  be  fined."  That  would  be 
because  it  might  fall  over  and  the  flame  crack  the  lamp  glass.  If 
the  latter  was  broken  from  any  cause  it  would  mean  a  heavy  fine  or 
imprisonment,  if  gross  carelessness  were  shown.  The  finding  of 
matches  or  even  tobacco,  in  the  clothes  of  a  miner  means  a  fine  at 
least.  The  annual  reports  of  the  English  inspectors  show  pages  of 
such  convictions  and  punishments. 

Until  we  obtain  better  discipline  the  writer  does  not  hope  to  see 
a  very  material  improvement  in  the  conditions  here.  Methods  can 
be  adopted  by  the  individual  operators  to  lessen  the  risk  of  great 
explosions  or  disasters,  but  improvement  at  the  face  of  the  mine 
can  only  be  effected  by  discipline  and  unceasing  vigilance.  These 
matters  are  in  the  hands  of  the  mining  public  and  the  state  officials. 
The  Geological  Survey  can  only  hope  to  carry  on  a  campaign  of  edu- 
cation. But  in  the  lessening  or  prevention  of  great  disasters,  while 
less  prolific  in  loss  of  life,  cause  the  greatest  horror,  the  Survey  can 
furnish  direct  and  valuable  assistance. 

It  is  safe  to  say  that  three-fourths  of  the  great  disasters  that  have 
occurred  in  this  country,  have  been  due  to  the  use  of  dynamite  or 
black  powder,  chiefly  the  latter.  The  greater  part  of  the  coal  fields 
are  not  troubled  with  a  serious  amount  of  methane,  which  when 
mixed  with  air  becomes  fire-damp,  or  what  is  ordinarily  termed 
simply  "gas."  In  general  we  have  nothing  like  the  amount  of 
gas  as  found  in  the  deep  mines  of  England  and  the  continental 
countries,  particularly  Belgium,  where  there  is  an  astonishingly  small 
loss  of  life. 

We  have  very  few  mines  which  must  use  safety  lamps  exclu- 
sively, whereas  in  Belgium  they  use  nothing  else  and  the  flow  of  gas 
in  the  mines  is  frequently  very  strong.  The  writer  visited  a  mine 
at  Frameries  in  which  a  very  historic  incident  had  once  occurred ; 
an  outburst  of  gas  which  reversed  the  ventilating  current  in  the 
down-cast  shaft  and  took  fire,  not  down  in  the  mine  but  at  the  sur- 
face, and  burned  for  a  considerable  period ;  naturally,  the  men  were 
killed.  A  few  days  before  the  visit  of  the  writer  to  this  mine,  at  a 
neighboring  mine  there  had  been  an  outburst  of  gas  so  strong  that 
it  suffocated  three  men,  yet  their  lamps  and  discipline  were  such 
that  there  was  no  general  explosion ;  the  men  killed  were  simply 
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smothered.  Great  depth  is  reached  by  the  Belgian  mines.  One  that 
the  writer  visited  went  down  to  1,050  meter  level,  which  would  be 
a  little  over  3,300  ft.  deep.  It  was  noticed  that  at  this  level  cowbells 
were  hung  from  chains  strung  across  the  gangway  near  the  escape 
shaft.  These  were  so  placed  that  in  case  of  an  outburst  of  ga^< 
which  might  put  out  the  safety  lamps,  the  miners  would  hear  the 
cowbells  and  be  able  to  get  back  to  the  escape  shaft. 

In  this  country  fire-damp  is  not  our  chief  menace,  but  fires  and 
coal  dust  are,  as  they  constitute  our  dangers  in  bringing  on  large 
disasters,  the  larger  loss  of  life  coming  from  the  latter.  Very  little 
attention  has  been  paid  to  the  danger  of  coal-dust  until  within 
the  past  few  years,  though  some  scientists  and  mining  engineers 
have  recognized  its  danger  for  many  years.  In  fact,  as  early  as 
1803  the  suggestion  was  made  after  an  explosion  in  England  that 
coal-dust  might  have  been  a  factor.  However,  widespread  atten- 
tion among  mining  men  was  not  attracted  until  the  report  of  the 
British  Royal  Commission  in  1894.  Various  continental  countries 
had  taken  up  the  study  of  the  explosiveness  of  coal  dust  and  a  num- 
ber of  galleries  were  erected  for  testing  the  same  in  the  presence  of 
gas  and  alone.  As  the  result  of  the  experiments,  the  important 
coal  producing  countries  prohibited  the  use  of  black  powder,  or 
other  long  flaming  explosives. 

Then  followed  the  invention  and  introduction  of  so-called  safety 
explosives,  which  while  not  entirely  free  from  flame  are  so  nearly 
so,  that  under  proper  restrictions  they  will  not  ignite  fire-damp  or 
coal-dust.  Certain  countries,  like  Belgium  and  England  required 
explosives  to  be  submitted  to  a  series  of  tests  in  the  presence  of  gas 
and  dust,  and  only  those  which  passed  were  placed  on  the  "permitted" 
lists.  France,  Austria  and  Germany  have  rigid  requirements,  differ- 
ing in  details.  In  England  black  powder  is  still  permitted  in  non- 
gaseous and  non-dusty  mines,  but  the  other  continental  countries 
allow  no  exception. 

On  the  establishment  of  the  Pittsburg  Station,  it  was  felt  that  the 
most  important  immediate  work  was  to  test  mine  explosives  and  this 
has  been  the  chief  work  of  the  Mine  Accident  Division  of  the  Sta- 
tion during  the  past  year.  The  director  of  the  survey,  Dr.  George 
Otis  Smith,  sent  letters  to  all  explosive  manufacturers,  inviting  them 
to  send  explosives  to  the  station  for  testing  under  certain  conditions. 
Those  that  pass  are  placed  on  what  is  termed  a  "permissible"  list. 
Up  to  date  over  30  explosives  have  passed  the  rigid  requirements. 
Mr.  Clarence  Hall,  explosive  expert,  has  conducted  this  work,  as- 
sisted by  the  chemist,  Dr.  W.  O.  Snelling. 

The  Government  has  no  authority  to  enforce  the  use  of  these  ex- 
plosives, but  the  State  Mine  Department  of  a  number  of  states  have 
been  endeavoring  to  secure  the  adoption  of  such  explosives  in  the 
place  of  black  powder,  dynamite  and  other  long  flame  explosives. 
Special  progress  has  been  made  in  Pennsylvania  and  West  Virginia, 
where  the  State  Inspectors  have  demanded  their  use.  Complete  en- 
December,  1909 


788  Rice — Mine  Accident  Investigations 

forcement  has  not  yet  been  secured  but  most  of  the  leading  com- 
panies have  adopted  the  explosives.  As  yet  we  have  no  authorita- 
tive figures  as  to  the  extent  of  their  use,  but  from  observation  of 
the  writer  and  the  other  mining  engineers,  it  would  appear  that 
nearly  one-half  of  the  coal  produced  in  Pennsylvania  and  West 
Virginia  is  being  shot  down  with  such  explosives.  They  are  also 
used  extensively  in  Oklahoma.  In  Indiana  and  Illinois  as  yet,  very 
little  progress  has  been  made  in  their  introduction,  although  they  are 
being  used  in  a  few  mines  in  southern  Illinois  in  driving  entries  in 
more  or  less  gassy  coal. 

As  a  whole,  the  progress  has  been  so  rapid  since  the  issuance  of 
the  first  list  of  "permissible"  explosives,  in  May  last,  that  it  does  not 
seem  improbable  that  in  a  few  years  more  the  use  of  black  powder 
will  be  exceptional,  and  thus,  one  of  the  greatest  causes  of  disaster, 
particularly  that  have  occurred  in  Illinois,  will  be  partially,  if  not 
wholly  removed. 

Among  other  work  of  the  Survey  at  the  Pittsburg  Station,  tests 
of  safety  lamps  and  of  mine  rescue  apparatus  are  being  carried  on 
under  the  immediate  direction  of  Mr.  J.  W.  Paul.  Mr.  H.  H.  Clark, 
electrical  engineer,  has  begun  a  series  of  tests  on  electric  conductors, 
switches  and  machines  used  in  mines  with  a  view  of  lessening  the 
dangers  from  these  sources.  It  is  not  alone  the  question  of  killing 
or  injuring  the  men  by  electric  shocks,  but  there  is  a  real  danger 
from  causing  fires  or  in  gassy  mines  in  igniting  the  gas. 

The  field  mine  accident  investigations  of  the  mining  engineers  are 
under  the  mmediate  charge  of  the  writer.  Owing  to  the  limits  of  the 
appropriation  the  mining  engineers  are  few  in  number,  considering 
the  immensity  of  our  coal  fields.  The  general  plan  is  to  establish 
stations  at  the  important  mining  centers,  from  which  the  mining 
engineers  will  go  out  for  the  investigation  of  mining  conditons  in 
the  respective  district.  A  few  have  already  been  established.  The 
mining  engineers  make  examination  of  everything  relating  to  the 
safety  of  the  individual  mine,  as  the  hoisting  and  haulage  equip- 
ment, the  fan  and  the  methods  of  escape.  Observations  are  made  of 
the  ventilating  currents,  the  humidity  of  the  same  and  samples  are 
taken  of  the  mine  air  and  gases  for  anaylsis.  The  quantity  of  coal 
dust,  its  distribution  and  condition  are  noted,  and  in  some  cases 
samples  are  taken. 

In  connection  with  the  conservation  of  coal  and  the  study  of  fuels, 
the  mining  engineers  take  samples  of  coal  at  the  face  and  observe  the 
roof  and  floor  and  make  notation  as  to  the  method  of  mining  and  the 
amount  of  wastage,  both  below  and  above  ground. 

When  a  mine  accident  happens,  one  or  more  proceed  as  quickly 
as  possible  to  the  scene  to  render  such  assistance  as  they  can  give. 
When  the  mine  is  near  enough  to  the  existing  station,  rescue  appara- 
tus is  taken.  While  our  mining  engineers  were  not  orginally  en- 
gaged to  undertake  rescue  work  themselves,  they  have  not  hesitated 
to  volunteer.    During  the  past  year,  after  every  explosion  of  any  size. 
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the  mining  engineers  have  proceeded  as  quickly  as  possible,  taking 
the  rescue  apparatus  with  them.  In  many  cases  they  could  not 
arrive  in  time  to  render  assistance. 

Primarily  it  is  not  the  purpose  of  the  Survey  to  undertake  the 
maintenance  of  a  life  saving  corp,  but  the  object  is  to  try  to  edu- 
cate the  operators  and  miners  to  the  advantages  of  the  rescue  and 
fire  fighting  apparatus,  so  they  may  be  interested  to  establish  joint- 
rescue  stations  in  each  important  mining  center.  Such  joint-rescue 
stations  have  been  extensively  introduced  in  foreign  countries  and 
in  Germany,  Belgium  and  France  rescue  apparatus  and  the  training 
of  a  certain  proportion  of  men  employed  is  now  required.  To  get 
the  best  efficiency  from  the  rescue  apparatus,  practical  miners  should 
be  trained  in  their  use,  and  thus  having  a  trained  corps  of  men  who 
know  the  individual  mines  in  their  territory  and  who  are  accus- 
tomed by  constant  training  to  the  use  of  the  helmets.  Far  more  can 
be  accomplished  with  such  a  station  than  is  possible  by  a  remote 
government  station,  whose  operators  are  professional  men,  occu- 
pied in  scientific  work  and  not  having  the  physical  strength  and  en- 
durance of  the  men  who  should  constitute  such  corps,  nor  have  they 
knowledge  of  the  mine  to  be  entered — a  most  important  matter, 
particularly  where  the  underground  mine  officials  have  been  lost 
in  the  disaster.  In  saving  life,  or  fighting  fire,  the  difference  is 
like  that  between  trained  firemen  and  the  volunteer. 

Nevertheless,  our  mining  engineers  have  been  able  to  accomplish 
a  great  deal,  by  direct  work  themselves  and  by  training  men  on  the 
ground,  to  the  use  of  the  apparatus.  Notably  in  the  Marianna  disas- 
ter, the  rescue  apparatus  was  brought  quickly  to  the  scene  and  a 
new  method  of  recovering  a  mine  after  an  explosion  was  adopted. 
Instead  of  at  once  turning  in  ventilation,  men  went  down  in  hel- 
mets, incidentally  rescuing  the  only  survivor,  and  put  out  smoulder- 
ing fires  in  the  immediate  vicinity  of  the  shaft  before  the  ventilation 
was  restored.  Before  each  section  of  the  mine  was  ventilated  an 
inspection  was  made  with  the  helmets  to  insure  that  the  fires  were 
out.  Thus  one  very  great  danger  of  reopening  a  gassy  mine  was 
avoided.  For  if  ventilation  had  been  turned  into  the  entries  with 
fires  burning,  successive  explosions  would  have  resulted,  with  a 
possible  loss  of  the  mine  and  the  non-recovery  of  the  bodies,  as 
happened  last  spring  in  the  West  Frankfort  mine. 

Our  mining  engineers  have  been  successful  in  putting  out  a  num- 
ber of  dangerous  mine  fires  in  Pennsylvania,  using  the  helmets,  and 
having  to  seal  and  unseal  fires  in  Pennsylvania,  Ohio,  West  Virginia, 
Indiana  and  Illinois. 

After  the  recovery  of  the  mine,  the  mining  engineers  have  been 
called  upon  to  make  careful  investigation  of  the  causes  and  course 
of  the  explosion.  This  work  has  occupied  a  very  considerable  part 
of  the  engineers'  time,  as  they  have  visited  the  scenes  of  explosions 
in  half  a  dozen  states,  in  fact  every  explosion  of  any  size  in  which  a 
number  of  men  have  been  lost.  These  reports  cannot  be  made  pub- 
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lie,  although  we  are  able  to  informally  advise  the  operators  if  con- 
ditions are  such  that  there  is  liable  to  be  a  repetition.  But  it  is  not 
possible  to  make  such  reports  public,  inasmuch  as  this  is  a  function 
of  the  State  Mining  Departments. 

Supplementing  the  field  work  of  the  mining  engineers  special 
studies  have  been  made  at  the  Pittsburgh  Station  of  the  explosibility 
of  different  coal  dusts  and  a  special  series  of  tests  were  conducted 
under  the  direction  of  the  writer,  with  a  view  to  finding  remedies 
for  this  danger. 

While  the  greatest  source  of  danger  comes  from  long-flaming 
explosives,,  even  when  the  "permissible"  explosives  were  used,  there 
are  other  causes  of  ignition  to  be  eliminated.  A  small  explosion  of 
fire-damp  may  readily  cause  a  wide-spread  dust  explosion.  It  has 
been  claimed  that  the  breaking  of  a  trip  of  cars  in  a  Wyoming  mine 
caused  a  concussion  and  ignition  of  coal  dust. 

The  results  of  these  studies  and  tests  is  about  to  appear  in  a  bul- 
letin to  be  issued  by  the  Survey  and  entitled  "Preliminary  Report 
on  the  Coal  Dust  Problem — Suggested  Remedies." 

While  a  considerable  number  of  remedies  have  been  proposed  the 
easiest  is  to  thoroughly  wet  the  coal  dust  by  the  use  of  hose,  continu- 
ously running  sprinklers,  or  artificially  humidifying  the  intake  air 
by  steam. 

It  may  here  be  stated  that  this  does  not  mean  any  partial  wetting 
of  the  dust.  The  writer  was  very  much  surprised  at  the  results  of 
the  special  tests,  in  the  explosion  gallery,  with  coal-dust,  dry  and 
wetted.  Briefly,  it  was  found  that  much  coarser  dust  than  pre- 
viously suspected  took  part  in  an  initial  explosion.  There  was  prac- 
tically complete  propagation  with  dust  through  20  and  over  40  mesh 
screens,  so  that  coal  through  20  mesh  was  considered  dust.  How 
much  of  a  part  still  coarser  dust  may  play  when  a  big  explosion  is 
once  under  way,  we  cannot  tell.  We  are  particularly  concerned  in 
preventing  the  start  of  the  explosion. 

The  other  tests  of  great  interest  concern  the  amount  of  wetting 
required  to  make  coal-dust  inert,  when  there  is  a  blownout  shot. 
Using  2^  lbs.  of  black  powder,  in  such  a  shot,  we  found  that  the 
coal-dust  would  explode  when  it  had  up  to  20%  of  water  with  it. 
It  was  not  till  we  got  over  25%  of  water  that  we  prevented  propa- 
gation of  the  explosion.  Coal  dust  will  hold  an  astonishing  amount 
of  water;  some  dust  will  hold  as  much  as  35%,  before  it  turns  into 
mud.  With  25%  you  can  press  it  in  your  hand;  it  will  ball  up,  but 
it  is  not  what  would  be  called  mud ;  water  is  not  squeezed  out.  That 
points  to  the  necessity  of  thoroughly  wetting  the  dust  to  make  safe 
conditions ;  casual  sprinkling  or  humidifying  is  not  sufficient.  Close 
observations  should  be  made  and  samples  of  dust  taken  and  analyzed 
to  determine  if  conditions  are  safe. 

The  Mining  Engineers  will  endeavor  to  obtain  the  adoption  of  one 
or  the  other  of  the  several  devices  and  make  close  observation  of 
the  results. 
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If  in  future  sufficient  funds  become  available,  it  is  proposed  to 
increase  the  number  of  sub-stations.  Besides  the  Pittsburgh  Sta- 
tion, at  present  there  is  a  sub-station  at  Urbana,  Illinois,  in  charge 
of  Mr.  R.  Y.  Williams,  to  serve  this  and  adjoining  states.  Another 
has  just  been  established  at  Knoxville,  Tenn.,  to  serve  the  south- 
eastern fields,  a  third  has  been  partially  established  at  Seattle  to 
serve  the  Puget  Sound  field.  A  fourth  is  about  to  be  started  at 
McAlester,  Okla.,  the  center  of  an  important  and  somewhat  danger- 
ous district,  As  soon  as  funds  are  available  it  is  intended  to  estab- 
lish a  station  in  the  New  Mexico-Colorado  field,  and  possibly  another 
in  the  Utah-Wyoming  field. 

It  is  also  intended  to  obtain  a  mine  for  experimental  purposes, 
where  the  various  explosives  and  devices  for  rendering  coal  dust 
inert  can  be  fully  tried  out,  but  this  must  wait  until  we  have  the 
necessary  appropriation.  Meantime,  laboratory  experiments  will  be 
carried  on  at  the  Pittsburgh  Station  with  coal  dust,  with  mine  gases, 
and  the  writer  hopes  to  have  some  special  tests  made  of  the  com- 
bustion of  coal  in  a  closed  space  and  methods  of  putting  out  flame 
by  various  chemicals  and  other  means,  with  a  view  to  application 
under  mining  conditions. 

We  do  not  really  know  very  much  about  the  subject.  There 
seems  to  have  been  very  little  work  done,  either  in  this  country  or 
abroad,  on  the  very  important  matter  of  mine  fires.  -  We  are  still 
using  the  same  crude  methods  that  were  used  fifty  years  ago.  There 
is  alwrays  an  uncertainty  when  we  seal  up  a  fire,  in  a  gassy  mine  at 
least,  whether  we  are  going  to  have  an  explosion  or  not.  It  is  most 
important  that  such  work  be  placed  on  a  more  scientific  basis. 


Fig.  i.     Dust  and  Gas  Gallery  No.  i— ioo  ft.  Long. 
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In  Fig.  i,  is  shown  the  explosion  gallery,  where  we  test  explosives 
and  incidentally  show  -the  explosibility  of  coal-dust  without  the 
presence  of  gas.  It  is  arranged  so  that  gas  can  be  piped  to  any  one 
of  the  15  different  sections.  The  tube  is  about  6  ft.  4  in.  in  diameter, 
and  there  are  windows  of  heavy  plate  glass  in  the  middle  of  each 
section,  so  that  the  progress  of  the  flame  can  be  observed.  On  the 
top  of  the  gallery  there  are  safety  valves  or  doors.  These  would 
not  be  needed  in  that  length  of  tube  for  coal-dust,  for  a  coal-dust 
explosion  takes  time  to  generate  force,  but  in  an  explosion  of  a  fire- 
damp, which  is  very  quick-acting,  it  is  necessary  to  relieve  the 
pressure.  In  a  concrete  block  at  the  end  is  set  a  cannon,  in  which 
explosives  for  testing  are  placed.  The  cannon  has  a  drill-hole  which 
is  20  in.  deep  and  2^  in.  in  diameter,  and  causes  a  blown-out  shot 
such  as  may  take  place  at  the  face  of  a  working  place  in  a  mine. 


Fig.  2.     Explosion  of  Coal  Dust.     Instantaneous  Picture  of  Beginning  and 
Before  Explosion  Has  Reached  Middle  of  Gallery. 

Every  Saturday  last  winter  we  had  large  numbers  of  visitors  rep- 
resenting different  companies  whose  men  came  from  Pennsylvania, 
West  Virginia,  and  Alabama  to  witness  informal  experiments  with 
coal-dust  and  gas.  Coal-dust  is  placed  on  shelves  along  the  side  of 
the  gallery  and  on  a  wood  horse  or  bracket,  which  is  underneath  the 
line  of  the  hole.  This  is  similar  to  a  condition  that  frequently  occurs 
in  a  mine  where  there  is  a  pile  of  machine  cuttings  or  coal  from 
previous  shots  and  another  is  fired  over  or  into  it.  Under  such 
conditions  in  the  gallery,  bituminous  dust  invariably  explodes.  The 
only  exceptions  we  have  had  to  explosions  have  been  in  testing  an- 
thracite dust  from  Eastern  Pennsylvania.  We  are  not  positively  sure 
that  under  all  conditions,  anthracite  dust  will  not  explode,  but  prob- 
ably it  will  not.    They  have  never  had  the  wide-sweeping  explosions 

Vol.  XIV.    No.  6 


Rice — Mine  Accident  Investigations 


7<>3 


in  the  hard  coal  districts  that  have  too  frequently  occurred  in  the 
bituminous  fields,  although  they  have  had  heavy  explosions  of  gas, 
but  these  have  been  of  a  local  character,  relative  to  the  others. 

The  appearance  at  the  start  of  a  dust  explosion  in  the  gallery  is 
shown  in  Fig.  2.  That  is  to  say,  the  photograph  being  taken  instan- 
taneously, it  shows  explosion  at  the  initiation  only,  a  black  cloud  and 
flames  issuing  from  the  first  escape  valves.  Such  an  explosion  runs 
the  length  of  the  gallery  quicker  than  you  can  turn  the  head.  You 
can  follow  it  with  the  eye,  but  you  cannot  turn  your  head  as  quickly . 
the  violence  increases  as  it  progresses.  The  flame  and  smoke  will 
shoot  out  at  the  end  of  the  gallery  40  feet,  hit  the  massive  concrete 
back-stop,  and  go  up  in  the  air.  It  is  very  convincing  to  the  mining 
men  who  see  such  a  test.  When  there  is  no  ignition  you  do  not  have 
the  black  cloud,  merely  a  white  vapor  from  the  explosion  in  the  first 
valves  and  light  gray  clouds  beyond. 
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Fig.  3.     Balistic  Pendulum  for  Determining  the  Relative  Strength  of  Different 

Explosives. 


In  Fig.  3,  is  shown  a  method  of  determining  the  relative  strength 
of  different  explosives.  It  is  a  big  mortar,  or  cannon,  which  is 
hung  on  a  pendulum,  and  the  explosive  is  placed  in  this.  It  does  not 
give  any  positive  figure  as  to  foot-pounds  of  pressure  generated,  but 
it  does  give,  by  the  relative  swing,  the  relative  strength,  so  that 
you  can  compare  a  high  explosive  with  a  low  one.  This  arrange- 
ment, or  a  similar  one,  was  designed  by  Captain  Desborough,  of  the 
English  Mines  explosive  department. 

December,  1909 


794 


Rice — Mine  Accident  Investigations 


In  Fig.  4  is  shown  the  flame-testing  apparatus  in  which  the  ex- 
plosive is  placed  in  a  vertical  cannon  shooting  upward.  Inside  the 
building  there  is  a  photographic  machine  with  a  rapidly  revolving 
drum  carrying  a  sensatized  film,  and  as  this  revolves,  it  photographs 
through  a  slot  a  series  of  pictures  of  the  flame.  That  gives  the 
length  of  the  flame  of  the  explosive,  and  also,  by  the  number  of 
these  successive  pictures,  the  duration  of  the  flame,  because  the  drum 
revolves  at  a  known  speed. 


Fig.  4.     Building  Containing  Smoke  Room  and  Photographic  Apparatus  for 
Determining  Flame  Length  from  Explosives. 

Comparing  black  powder  with  an  average  "permissible"  explo- 
sive, black  powder  has  a  flame  three  to  four  times  longer  than  the 
"permissible"  and  from  3,000  to  4,000  times  greater  duration.  The 
duration  is  a  very  important  matter  in  liability  to  ignite  fire-damp 
or  coal-dust. 

In  Fig.  5  is  shown  a  gas  and  dust  experimental  gallery,  in  which 
tests  will  be  made  of  electric  mining  machines  of  the  enclosed  type. 
It  is  also  used  in  demonstrating  to  miners  the  effect  of  fire-damp 
upon  the  flame  of  different  kinds  of  safety  lamps. 

Another  piece  of  apparatus  is  for  testing  safety  lamps  in  currents 
of  different  velocities  and  of  various  mixtures  of  gas  and  air.  The 
lamps  are  placed  in  any  one  of  the  openings,  and  the  glass  door  is 
then  fastened.  There  are  hinged  flaps  above  to  relieve  the  pressure 
of  an  explosion.  There  are  also  certain  indicator  arrangements  by 
which  we  can  determine  the  speed  and  mixture  in  which  the  lamp 
is  to  be  tested.  The  various  positions  of  the  openings  into  which 
the  lamp  is  inserted  allow  testing  in  horizontal,  45  deg.  ascending  and 
descending,    and    in   vertical    ascending   and   descending,    currents. 
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Fig.  s.     Gas  and  Dust  Gallery  No.  2  for  Testing  Electric  Machines  in  Gas 

and  Coal  Dust. 


Fig.  6.     The  Bichel   Machine  for  Testing  Gas  Pressures  Resulting  from 

Explosion. 
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Those  are  all  very  important  things  in  gaseous  mines,  because  some 
lamps  will  stand  certain  currents  and  not  others.  A  Davy  lamp 
will  fail  in  about  15  seconds  in  a  mixture  of  8%  methane;  the  flame 
goes  right  through  the  gauze,  yet  the  Davy  is  still  the  lamp  which 
many  of  the  old-time  miners  insist  is  the  best.  It  is  indeed  very  un- 
safe in  a  current  of  fire-damp.  The  modern  lamps  will  stand  as 
much  velocity  as  we  can  put  on  them — about  1,500  lineal  feet  per 
minute — and  that  is  as  high  as  they  will  ever  encounter  in  a  mine, — 
certainly  as  high  as  they  will  ever  encounter  with  an  explosive  mix- 
ture of  gas. 


Fig.  7.     Explosion  Calorimeter,  for   Determining  the  Total  Heat  Developed  by 

an  Explosion. 

The  apparatus,  Fig.  6,  is  the  Bickel  machine,  and  is  for  testing  the 
pressure  generated  by  an  explosive.  We  use  two  of  the  different 
sizes,  so  that  there  may  be  a  relation  obtained  between  the  weight  of 
the  explosives  used  and  the  cooling  surface,  of  the  apparatus  and 
in  that  way  certain  variables  may  be  eliminated  in  the  calculations. 
The  explosive  is  placed  in  the  chamber  and  exploded  by  an  electric 
spark.  There  is  a  plunger  attached  to  a  lever  operating  a  marker, 
which  traces  a  line  on  a  drum,  revolving  at  known  speed,  and  thus 
indicator  diagrams  are  made  on  a  card  which  shows  the  variable 
pressure.  The  latter,  of  course,  jumps  up  high  and  gradually  de- 
scends as  the  gases  cool.    A  pressure  gauge  is  attached,  to  obtain  the 
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pressure  of  the  cooled  gases.  The  usual  charge  of  explosive  is  50 
grams.  Figuring  to  pounds,  1  pound  of  explosive  will  ordinarily 
make  about  5  or  6  cu.  ft.  of  the  fixed  gas.  The  gases  are  drawn  off 
and  analyzed.  This  is  only  a  part  of  the  chemical  tests  of  explo- 
sives that  are  carried  on. 

There  is  also  a  calorimeter  bomb,  Fig.  7,  in  which  the  explosive 
is  placed  and  exploded.  The  bomb  is  then  placed  in  a  water  bath  of 
known  temperature  and  is  moved  up  and  down  until  the  bomb  and 
water  are  of  the  same  temperature.  This  is  to  find  out  the  total 
heat  generated  by  the  explosion. 


Fig.  8.     Interior  of  Smoke  Room,  Showing  Protective  Devices. 

A  view  of  the  inside  of  the  station,  showing  the  helmet  appara- 
tus and  oxygen  resuscitation  boxes,  which  we  found  of  the  utmost 
value  in  the  Cherry  mine  is  shown  in  Fig.  8.  It  would  be  a  fine 
thing  to  have  such  apparatus  at  various  points  along  the  lake  shore 
where  in  summer  there  are  so  many  deaths  by  drowning.  In  the 
newer  boxes,  newer  than  the  one  shown,  there  is  a  forced  respira- 
tion. Sometimes  men  have  been  revived  who  have  been  uncon- 
scious for  half  an  hour. 

NOTES  ON   THE   CHERRY   MINE  DISASTER. 

On  Saturday,  November  13,  1909,  occurred  the  greatest  mine  dis- 
aster of  the  West  and,  except  the  great  explosion  at  the  Monongah 
Mine,  West  Virginia,  in  December,  1907,  occasioned  the  largest  loss 
of  life  in  any  mine  catastrophe  in  the  whole  country.     The  exact 
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figures  have  not  yet  been  determined  but  in  the  neighborhood  of  300 
lives  were  lost. 

The  Cherry  Mine  is  operated  by  the  St.  Paul  Coal  Company,  a 
subsidiary  company  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway. 
It  is  located  in  Bureau  County,  Illinois,  not  far  from  the  northern 
outcrop  of  the  Illinois  Coal  Basin.  Two  seams  are  mined,  termed 
locally  the  middle  and  the  lower  or  third  vein.  Geologically  the 
latter  is  known  as  Number  2  seam  and  the  former  as  Number  5 
seam.  They  are  separated  by  an  interval  of  160  feet.  40  feet  above 
the  middle  vein  is  located  the  first  vein,  geologically  Number  6.  This 
(No.  6)  is  a  thin,  irregular  seam  in  Bureau  County  and  not  mineable 
under  present  commercial  conditions.  Furthermore,  its  area  is  small 
as  the  glacial  drift  cuts  it  out  in  many  places  in  the  immediate 
field. 

The  middle  vein  is  from  4  to  6  feet  in  thickness,  is  much  cut  by 
horsebacks  and  rolls,  but  in  the  vicinity  of  Cherry  is  fairly  regular. 
The  quality  of  the  coal  is  good.  The  roof  is  very  poor ;  a  clay  shale, 
more  or  less  slippy,  and  requiring  much  timbering.  This  seam  was 
developed  four  or  five  years  ago  and  the  mine  workings  are  quite 
extensive  covering  an  irregular  area  of  about  240  acres,  the  further 
workings  being  about  three-quarters  of  a  mile  from  the  shaft  (10). 

In  the  middle  seam  the  system  of  working  was  room-and-pillar. 
About  300  men  were  employed  in  this  seam  at  the  time  of  the  dis- 
aster. 

The  lower  seam,  or  No.  2  geologically,  was  entered  about  a  year 
ago.  It  is  the  seam  most  extensively  developed  in  Bureau  and  the 
adjoining  counties.  It  is  from  3  ft.  to  3  ft.  6  in.  in  thickness,  with 
a  clay  floor,  sometimes  hard  and  sandy,  and  a  "soapstone"  or  a  shale 
roof,  bluish  gray  in  color.  The  45  deg.  system  of  long  wall  working 
is  employed  exclusively  in  this  seam.  At  the  time  of  the  Cherry  dis- 
aster the  large  pillar  surrounding  the  shaft  had  been  blocked  out  but 
the  long  wall  work  was  only  fairly  started.  This  work  was  being 
crowded  and  on  this  account  about  200  men  were  employed  in  this 
seam. 

The  entrance  to  the  two  seams  is  by  a  large  hoisting  shaft  and 
by  an  air  shaft  which  is  also  an  escape  shaft.  The  middle  vein  is 
of  limited  area  so  far  as  workable  conditions  are  concerned,  while 
the  lower  vein  is  only  limited  by  the  expense  of  underground  haulage 
to  the  hoisting  shaft.  The  arrangements  were  planned  with  a  view 
to  future  workings  in  the  lower  vein  after  the  middle  vein  had  been 
finished. 

Coal  was  brought  up  from  the  third  vein  to  the  middle  vein  on  a 
cage  in  one  compartment  of  the  air  shaft.  This  cage  did  not  operate 
above  the  middle  vein,  although  the  hoisting  engine  was  located  at 
the  surface.  The  third  vein  cars  thus  brought  up  to  the  middle  vein 
were  hauled  around  to  the  hoisting  shaft  and  hoisted  out  with  the 
middle  vein  cars  on  large  cages,  on  which  the  2-ton  cars  were  placed 
tandem.    A  stairway  runs  from  the  third  vein  to  the  surface  in  one 
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compartment  of  the  air  shaft.  In  addition  to  this,  as  a  method  of 
escape  from  the  lower  to  the  middle  vein  there  was  a  cage  in  the 
southeast  compartment  of  the  hoisting  shaft  which  could  be  fas- 
tened to  the  bottom  of  the  main  cage  by  a  rope  that  ordinarily 
hung  from  the  cage  seat  at  the  middle  vein. 


12  ft  ail.    of    ^Fh/vft    Bottom 

from  /fife   Mfp    JJFTEA   f-f/i/rCH  3< 1-&09 

/?£Foftejj     Cm/if  ees    jhoyiv    jjfjhem    1/^ej 
/7ffoiyj    jHOty  /vo/erw-    KeM-u-Fr/o/v 
Nov  27  /909 

ft.Bl'C-/HI>iC1T£   F*!i.l-J>    OF  IT  OOF   Anil   F/H£    unHE.fi  firm  in  SFrrE 

JT  =  Ingic/tres  F/n.i  OF/rooF  /tnp  pout  ivme.pe  rr  /J  p/?oZFBl£    Tir-rgE* 

F/FJT    Took   Fife 
c=  TEmPor/iiey  jtopp/hg  of  j/fnu  S/tijS  hvnepe  ^f^fi.ej  of 

CuFnEU   C.ZJEJ    rVEFE    OBTfilNEJJ 
F  =  TEir-rPc&FFV  BoF>?U  jTOPPmG 
0"  uoc/tnon  ofBo])-*  F;j?5t  Brought  up 

Partial  Plan  of  Workings  and  Bottom  of  Shaft. 


The  mine  was  ventilated  by  a  strongly  built  fan  with  steel  plate 
casing.  It  was  a  reversible  fan  but  as  ordinarily  used,  forced  air 
down  the  air  shaft.  The  air  returned  or  upcasted  through  the  hoist- 
ing shaft.    At  the  middle  vein  the  intake  air  split,  the  larger  part  of 
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it  going  through  the  workings  in  the  middle  vein,  the  other  part 
going  to  the  lower  vein  workings. 

All  haulage  was  by  mules  and  as  is  the  usual  practice  in  shaft 
mines  the  stables  were  placed  underground  in  each  seam.  That  of 
the  middle  seam  was  located  about- 60  feet  away  from  and  parallel 
with  the  "bottom."  Connection  with  the  bottom  was  by  four 
crosscuts,  one  of  which  was  opposite  the  hoisting  shaft  and  in  it  was 
placed  a  pump.  This  crosscut  was  called  the  pump  room.  At  the 
mouth  there  was  a  "runaround,"  to  pass  the  shaft  from  either  side. 
The  stable  was  ventilated  by  a  separate  split  of  air,  the  main  current 
from  the  air  shaft  being  shut  off  by  a  regulation  door  between  the 
stable  and  the  air  shaft. 


Scale   -  lOOO  Fee  t 
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Afap      of  Lower;  or    T/7'rrf   (fe/fZ 

CrtSftRY.        BuftE/fV      CO.,      /LL., 
On      or    j fcuf     ,Vf>r      ' 90$. 

ffffOWJ     InV'Csrre    B'P£C-r'>o™  Or  l*o*r-iAu 
Air    ^t/Wf/vrj    fii  Berore  J?tJ0jTTr 
/f  »  Jr/UfKAf    IN  AlK    AMI  ESCAPE    3H«rT 

P=   HOiSriiG    inarT 

C-    OvercfJT  or  A'Vfir'TJiE 


Partial  Plan  of  Workings  and  of  Bottom  of  Shaft. 

On  November  13th  shortly  after  noon  (one  witness  stated  at  1:15 
P.  M.),  a  car  containing  six  bales  of  hay  was  sent  down  from  the 
surface  and  taken  off  at  the  middle  vein.  It  was  destined  for  the 
lower  vein.  There  is  some  question  about  the  exact  route  from  the 
hoisting  shaft  to  the  air  shaft.  This  point  and  how  it  came  to  be 
set  on  fire,  whether  by  fixed  torch  or  lamp  in  the  hands  of  one  of  the 
men,  is  being  investigated  by  the  State  Mine  Inspectors  and  the 
Illinois  Mining  Commission.  For  the  present  it  is  sufficient  to  know 
that  it  was  set  on  fire  after  it  had  been  shoved  immediately  adjacent 
to  the  air  shaft.  In  sending  the  third  vein  coal  around  to  the  hoist- 
ing shaft  the  cars  were  taken  off  on  the  southeast  side  of  the  air 
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shaft;  the  empty  cars  going  to  the  lower  vein  were  back-switched 
through  a  run-around  and  put  on  the  cage  from  the  northwest  side. 
From  the  fact  that  the  timbers  on  the  southeast  side  are  intact  and 
on  the  northwest  side  are  badly  burned  and  roof  caved,  I  am  im- 
pressed that  the  car  while  burning  must  have  stood  on  the  north- 
west side.  There  was  said  to  be  hose  and  water  pressure  available 
in  the  stable.    Why  it  was  not  used  is  an  unsolved  question. 

The  fire  first  attracted  attention  at  1 130  P.  M.,  smoke  appearing 
at  the  mouth  of  the  hoisting  shaft.  The  writer  was  informed  in  the 
course  of  the  conversation  with  one  of  the  two  cagers  in  the  lower 
vein  and  with  a  driver,  who  escaped,  that  about  1 130  P.  M.,  they 
heard  a  cry  from  the  middle  vein  landing  at  the  air  shaft,  that  a  car 
of  hay  was  on  fire.  The  eager  states  that  he  called  up  to  throw  it 
down  into  the  sump,  and  looking  up  into  the  air  shaft  he  saw  flames. 
He  told  the  other  eager  he  would  go  up  and  help  throw  it  down. 
The  driver  agreed  to  go  with  him.  There  wrere  three  feet  of 
water  in  the  sump  and  before  going  they  told  the  other  eager  to 
connect  a  hose  with  a  water  tap  at  the  foot  of  the  shaft  to  play  water 
on  the  burning  car  of  hay  when  thrown  down.  They  went  up  the 
stairway,  160  ft.  vertically,  and  on  arriving  at  the  middle  vein  land- 
ing they  state  that  there  was  no  one  near  the  burning  car. 

There  was  one  burning  bale  standing  in  the  middle  of  the  road 
behind  the  car.  (Another  party  claimed  that  there  were  two  burn- 
ing bales  out  of  the  car.)  They  stated  that  the  car  itself  was  on  fire 
and  so  badly  burned  they  thought  there  would  be  very  little  found 
of  it  in  the  sump.  The  front  of  the  car  extended  on  the  cage  and 
they  belled  to  raise  the  cage.  The  engineer  at  the  surface  testified 
that  he  received  the  signal  and  raised  the  cage  about  four  feet.  This 
allowed  the  car  to  drop  past  the  cage  and  down  the  shaft  into 
the  sump,  where  the  remaining  flame,  they  claimed,  was  put  out  by 
hose.  It  has  been  stated  that  throwing  the  car  down  into  the  sump 
was  the  chief  cause  of  the  extension  of  the  flame  through  the  mine. 
As  the  shaft  was  naturally  wet  and  if  there  was  water  in  the  sump 
and  a  hose  ready  below,  I  cannot  feel  that  there  was  any  risk  in  this 
action. 

The  eager  and  the  driver  state  that  seeing  the  timbers  were  set  on 
fire  in  the  middle  vein  and  that  they  could  not  put  out  the  fire,  they 
went  below  to  give  warning,  claiming  that  they  ran  around  a  consid- 
erable part  of  the  lower  vein  workings  before  they  considered  it 
necessary  to  run  for  their  own  safety.  The  eager  stated  that  he  was 
the  last  man  that  came  out  of  the  stairway  and  when  some  distance 
from  the  top  the  fan  was  reversed  making  the  air  shaft  an  up-cast, 
and  he  had  to  come  up  through  smoke,  barely  getting  out.  His 
"buddy"  or  partner  eager  was  lost.  While  this  information  is  of  a 
hearsay  character,  it  is  necessary  to  give  it,  to  obtain  the  proper 
understanding  of  the  subsequent  conditions. 

Meantime,  at  the  surface,  the  smoke  was  observed  at  the  mouth  of 
the  hoisting  shaft.    Ten  or  twelve  cage  loads  of  men  were  brought 
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up  on  the  cages.  The  underground  managers  of  both  veins  hap- 
pened to  be  on  top.  These  men  went  below  to  assist.  The  third  vein 
manager,  Norberg,  subsequently  came  up  and  it  is  stated  that  a  signal 
(six  bell)  was  received  to  reverse  the  fan.  He  and  the  air  shaft  en- 
gineer and  the  machinist  went  over  to  the  fan  and  reversed  it. 
Norberg  then  went  below,  telling  the  hoisting  shaft  engineer  that  he 
was  going  to  attach  the  rope  of  the  third  vein  cage  to  the  southeast 
main  cage  and  to  watch  the  signals  closely.  Norberg  was  accom- 
panied by  nine  or  ten  other  volunteer  rescuers,  but  after  a  few 
minutes  on  the  bottom  the  flames  had  become  so  strong  that  evi- 
dently they  could  not  proceed  and  belled  to  come  up.  When  the 
cage  was  about  25  or  30  feet  off  the  bottom  signal  was  given  which 
caused  the  engineer  to  stop  the  engine. 


"•^yjlMi 
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Coal  Tipple  at  Cherry  Mine  After  the  Alarm  of  Fire. 

Bearing  in  mind  the  injunction  of  the  manager,  he  held  the  cage 
for  some  time,  which  he  thought  was  5  to  10  minutes,  waiting 
for  other  bells.  This  stoppage  most  unfortunately  caused  the 
death  of  ten  rescuers  who  were  overcome  by  the  smoke  and  flame. 
On  the  other  hand,  the  engineer  could  not  know  what  was  going  on 
underground  and  supposed  that  they  might  be  attaching  the  third 
vein  cage.  It  seems  probable  that  the  rescue  party,  finding  they 
could  do  nothing,  had  belled  to  return  to  the  top,  but  some  poor 
fellow  coming  out  after  they  had  started,  had  strength  enough  to 
signal  for  stopping  and  lowering  the  cage,  but  not  enough  strength 
to  signal  for  raising.  One  body  was  found  in  the  sump.  The  sys- 
tem of  signaling  is  by  a  pneumatic  gong. 

As  to  the  merits  or  demerits  of  reversing  the  fan,  at  the  particular 
time,  that  is  a  debatable  question.  There  is  one  disadvantage  in  hav- 
ing a  reversible  fan, — there  is  always  a  tendency  to  reverse  whether 
it  is  the  proper  thing  to  do  or  not,  and  usually  it  is  not.    Men  nat- 
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urally  go  towards  the  incoming  air  after  any  fire  or  explosion.  If 
the  current  is  reversed  it  throws  the  smoke  or  gases  upon  them. 
In  this  case  could  the  reversal  have  been  made  at  once  when  the  fire 
started  it  would  have  sacrificed  the  air  shaft  but  kept  the  hoisting 
shaft  from  catching  fire,  but  at  the  time  it  was  done,  unknown  to 
those  above,  it  was  too  late.  The  fire  had  already  been  carried  to 
the  hoisting  shaft.  Subsequently,  it  was  undoubtedly  better  that  the 
hoisting  shaft  remained  relatively  intact  so  that  it  could  be  used  in 
the  rescue  work.  It  is  apparent  that  the  flames  started  in  the  timber- 
ing in  the  middle  vein  air  shaft  were  rapidly  blown  towards  the 
hoisting  shaft  prior  to  the  reversal  of  the  fan  and  set  fire  to 
the  stable,  pump  room  and  northeast  side  of  the  hoisting  shaft,  since 
the  timbers  on  the  southwest  side  of  the  hoisting  shaft  are  very  little 
burned.  The  doors  in  the  crosscut  leading  to  this  bottom  evidently 
retarded  the.  flames  in  that  direction  until  the  air  currents  were  re- 
versed. On  the  other  hand,  in  the  pump  room  and  on  the  northeast 
side  the  timbers  were  so  badly  burned  that  subsequently  the  roof 
fell  almost  to  the  edge  of  the  shaft. 

The  fire  did  not  penetrate  to  the  lower  vein  but  the  smoke  and 
gases  were  blown  around  and  probably  the  larger  number  of  men 
quickly  succumbed.  From  the  notes  they  left,  some  evidently  lived 
two  days.  The  fire  in  the  middle  vein  was  limited  to  the  immediate 
vicinity  of  the  hoisting  shaft,  the  pump  room,  the  stable  and  the 
entry  leading  to  the  air  shaft.  In  the  air  shaft  from  the  middle 
vein  to  the  top  the  flames  burned  the  face  of  the  linings  and  project- 
ing timbers,  but  except  for  30  to  40  feet  at  the  top  and  bottom  there 
was  no  serious  damage  done  to  the  lining.  The  flames  passing 
through  the  fan  heated  it  red  hot,  so  that  it  was  practically  burned 
out  for  operation  purposes  prior  to  4  P.  M.  At  this  time  the  tower 
over  the  air  shaft,  which  was  of  wood,  had  been  badly  burned  so 
that  it  was  subsequently  removed.  Smoke  was  also  coming  out  of 
the  hoisting  shaft. 

About  this  time,  4  P.  M.,  it  was  decided  to  seal  the  main  shaft, 
which  was  done  by  placing  iron  rails  over  the  top  and  covering  these 
with  plates  and  then  with  sand.  Meantime  water  was  played  down 
the  air  shaft.  The  active  flames  having  been  put  out,  a  light  was 
lowered  in  the  air  shaft,  but  on  account  of  smoke  nothing  could  be 
seen. 

Mr.  R.  Y.  Williams,  Mining  Engineer  of  the  U.  S.  Geological 
Survey,  stationed  at  Urbana,  Illinois,  had  been  notified  late  Saturday 
evening.  Hastily  gathering  the  rescue  apparatus  and  taking  his  as- 
sistant, Mr.  Webb,  he  started  for  Cherry,  arriving  Sunday  morning 
by  special  train.  A  pulley  was  rigged  over  the  air  shaft  and  a  rope 
attached  to  the  air  shaft  hoist  engine  and  a  hole  broken  in  the  roof 
of  the  fan  conduit  so  that  a  descent  could  be  made  in  a  small  bucket. 

At  1 :20  P.  M.,  with  a  volunteer  helper,  Joseph  Smith,  both  using 
helmet  oxygen  rescue  apparatus,  Mr.  Williams  made  a  descent  into 
the  air  shaft,  going  down  about  60  ft.    The  sheave  proved  not  to  be 
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centered  so  that  the  descent  could  not  be  continued.  On  this  being 
remedied  a  second  trip  was  made  about  2  P.  M.  by  Messrs.  Williams 
and  Smith.  This  time  they  got  down  about  250  ft.  where  it  was 
thought  that  the  shaft  lining  had  broken  as  the  bucket  landed  on  an 
obstruction.  It  was  so  smoky  that  nothing  could  be  seen.  In  inves- 
tigation several  days  later  this  obstruction  was  found  to  be  an  offset 
behind  which  ran  a  counterweight  for  the  third  vein  cage.  How- 
ever, at  the  time  it  was  concluded  that  it  was  something  that  had 
to  be  cleared  and  weights  were  placed  in  the  bucket  and  it  was  run 
up  and  down  several  times  to  clear  the  supposed  obstruction. 


Top  of  Shaft  Closed  to  Smother  the  Fire  Below. 

A'  third  trip  was  undertaken  about  5  P.  M.  and  this  time  Messrs. 
Williams  and  Smith  went  to  the  second  vein.  They  found  smoke 
coming  out  along  the  roof  with  considerable  velocity.  Below  the 
heavy  smoke  cloud  they  could  see  in  about  10  ft.  either  way,  and  at 
the  northwest  side  could  see  a  fall  coming  nearly  to  the  shaft.  The 
temperature  at  the  level  of  the  vein  was  68  deg.  Fah.  Twenty  feet 
above  this  it  was  76  deg.  Fah.  The  bucket  was  so  small  that  only 
one  foot  could  be  placed  by  each  man  in  same,  and  owing  to  the 
weight  of  the  apparatus,  which  is  about  45  pounds,  in  addition  to  an 
electric  lamp  weighing  15  pounds,  it  was  necessary  to  tie  in  the  men, 
to  prevent  their  falling  out.  This  prevented  any  examination  at  the 
middle  vein,  more  particularly  too,  because  there  was  no  landing, 
that  is  the  bucket  swung  in  a  large  shaft  which  went  down  160  ft. 
deeper. 

About  1 1  P.  M.  the  air  shaft  was  sealed.  It  was  then  "out-taking" 
quite  strongly.  Next  morning,  November  15th,  the  cover  was  taken 
off  the  hoisting  shaft,  the  State  Inspectors  having  meantime  arrived. 
Mr.  R.  Y.  Williams  and  Mr.  Moses,  State  Inspector  from  the  Dan- 
ville District,  using  helmets,  went  down  on  the  cage  in  the  hoisting 
shaft  about  9  A.  M.     They  reached  the  second  vein.     It  was  so 

December,  1909 


806  Rice — Cherry  Mine  Disaster 

smoky  they  could  not  see,  but  they  got  about  25  ft.  from  the  shaft  in 
the  middle  vein  on  the  southwest  side  before  coming  up.  The  tim- 
bering in  the  northeast  bottom  was  then  standing.  It  was  too  smoky 
to  see  into  the  pump  room. 

The  air  shaft  at  this  time  was  covered  but  immediately  afterwards 
the  cover  was  removed  and  a  steam  jet  put  in  to  cause  the  air  to  up- 
cast. Mr.  Webb,  Mr.  Williams'  assistant,  and  Mr.  James  Taylor, 
State  Inspector  from  Peoria  District,  in  helmets  went  down  in  the 
hoisting  shaft  about  10:30  A.  M.  They  explored  about  150  ft.  to 
the  southwest.  It  was  still  too  smoky  to  see,  so  they  returned  to  the 
surface.  The  fan  was  then  repaired  and  started  upcasting.  Messrs. 
Webb,  Taylor  and  Moses  descended  the  hoisting  shaft  about  11 130 
A.  M.  using  helmets.  They  saw  fire  and  came  back  for  a  confer- 
ence. 

Meantime,  Messrs.  Williams  and  Webb  went  down  with  hose, 
which  had  been  connected  to  a  R.  R.  tank  car,  and  saw  three  fires,  in 
the  pump  room,  in  the  corner  of  the  cribbing  in  the  south  compart- 
ment of  the  hoisting  shaft  and  in  timbers  on  the  northeast  bottom 
15  ft.  from  the  shaft.  The  air  was  much  clearer  and  although  smoky 
they  could  see  fairly  well.  They  opened  the  nozzle  of  the  hose  but 
could  not  get  any  stream  that  would  throw  more  than  a  few  feet 
They  left  the  hose  turned  on  and  came  out  to  see  what  the  matter 
was,  using  the  north  cage.  It  was  concluded  that  there  was  some- 
thing wrong  with  the  valve  and  Messrs.  Moses  and  Williams  again 
went  down  to  try  and  use  the  hose.  They  did  not  get  to  the 
bottom,  for  although  only  10  or  15  minutes  had  elapsed,  the  fire  at 
the  bottom  was  crackling  strongly  and  big  falls  were  taking  place. 
When  they  came  up  arrangements  were  made  to  withdraw  the  hose. 
They  went  down  about  50  feet  to  the  first  joint  to  connect  on  tackle 
and  then  returned  to  the  surface. 

It  was  decided  by  the  State  Inspectors  to  re-seal  the  shafts. 
Messrs.  Paul,  Morris,  and  myself,  arrived  at  this  time,  about  12:30 
P.  M.,  November  15th,  from  the  Pittsburgh  headquarters.  Several 
conferences  were  held.  It  was  reported  that  the  air  shaft  was  in- 
accessible on  account  of  the  supposed  dangerous  condition  of  the 
lining,  and  the  arrangements  not  suitable  for  working  therefrom. 
The  hoisting  shaft  was  evidently  on  fire  at  the  middle  vein.  It  was 
decided  to  put  a  sprinkler  into  the  hoisting  shaft  by  suspending  a 
hose  in  the  middle  of  the  shaft  and  attaching  a  perforated  nozzle  at 
the  bottom.  This  was  made  during  the  night  and  the  following 
morning  the  boiler  room  pump  was  started.  Much  smoke  and  gas 
leaked  through  the  shaft  covering  and  the  temperature  just  below 
was  no  deg.  Fah. 

That  evening,  November  16th,  a  company  of  firemen  from 
Chicago  arrived,  in  charge  of  Chief  Horan,  bringing  a  fire  engine 
with  them.  It  was  decided  to  throw  water  with  this  down  the  shaft. 
It  discharged  about  600  gallons  per  minute.  The  sprinkler  had  been 
supplied  with  only  80  gallons  or  less  per  minute.    The  hoisting  shaft 
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still  showed  an  upcast  pressure,  the  smoke  and  vapor  leaking  through 
the  covering.  Frequent  readings  were  made  of  the  thermometer 
which  showed  the  temperature  to  be  from  no  deg.  to  115  deg.  Fah. 
both  at  the  top  and  bottom  of  the  shaft. 

The  following  day,  November  17th,  it  was  decided  to  investigate 
the  air  shaft,  as  the  thermometer  showed  that  the  air  in  it  was  of 
practically  normal  temperature,  although  the  gases  it  contained  put 
out  a  safety  lamp.  Mr.  R.  Y.  Williams  and  myself  were  prepared 
to  descend  that  evening. 
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Fanhouse  Mouth  of  Shaft  and  Tipple  at  Cherry  Mine. 

After  getting  into  the  bucket  and  being  lowered  just  below  the  top 
to  complete  the  tying  in,  the  writer  found  he  so  much  outweighed 
Mr.  Williams  that  the  small  bucket  was  tipped  at  so  much  of  an 
angle  that  he  would  not  be  able  to  slide  past  obstructions,  hampered 
with  the  heavy  rescue  apparatus  and  the  electric  lamp.  Mr.  Morris, 
of  the  Survey,  who  weighed  about  the  same  as  Mr.  Williams,  vol- 
unteered to  take  my  place  and  these  two  were  slowly  lowered  to  a 
point  just  above  the  middle  seam.  They  reported  that  the  air  tem- 
perature was  normal,  and  except  for  the  slight  smoke  and  haze,  it 
was  fairly  clear  at  the  level  of  the  vein. 

In  subsequent  conference  it  was  decided  that  a  float,  or  small 
wooden  cage  without  guides,  be  constructed  and  a  small  tower 
erected,  so  that  efficient  work  underground  could  be  done  from  the 
float.  These  were  built  during  the  night  and  following  morning, 
under  the  supervision  of  the  writer,  and  early  in  the  afternoon 
of  November  18th,  Messrs.  Paul,  Williams,  and  the  writer,  incased 
in  helmets,  went  down  on  the  float,  the  top  of  the  shaft  being  recov- 
ered with  canvas.  Signals  were  given  with  an  automobile  horn.  We 
were  able  to  effect  a  landing  at  the  middle  seam.     The  atmosphere 
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was  clear  except  for  a  slight  haze  at  the  roof  level.  Mr.  Paul  went 
southeast  on  the  bottom  of  the  turn,  finding  a  body  a  short  distance 
from  the  shaft.  On  the  northwest  side  a  heavy  fall  blocked  the  way. 
A  careful  examination  was  made  of  the  shaft  lining  in  going  down 
and  ascending.    The  whole  trip  occupied  about  35  minutes. 

It  was  found  that  work  could  be  done  from  the  air  shaft  but  in  the 
subsequent  conference  it  was  decided  that  in  view  of  the  conditions, 
the  fan  could  again  be  started  upcasting  and  the  fire  directly  fought 
at  the  hoisting  shaft.  Before  doing  this,  however,  Messrs.  Moses, 
Taylor  and  McAllister,  State  Mine  Inspectors,  put  on  the  helmets 
and  went  down  in  the  float,  bringing  up  the  first  body  recovered. 

That  evening  the  fan  was  started,  the  cover  was  removed  from 
the  hoisting  shaft  and  a  hose  played  from  the  top  by  the  firemen. 
Subsequently,  as  the  shaft  became  cool  from  the  water  and  from  the 
incoming  cold  air,  the  hose  was  carried  down  gradually  to  the  bot- 
tom, where  an  entrance  was  effected  on  the  southwest  side.  Falls 
had  occurred  close  to  the  shaft  on  the  northeast  side  and  in  the  pump 
room  entirely  closing  the  openings  in  these  directions  and  also  tem- 
porarily blanketing  the  fires. 

The  following  day,  November  19th,  a  considerable  number  of 
bodies  were  recovered  from  the  shaft  bottom  and  vicinity.  The 
mine  inside  was  found  to  be  cool  but  full  of  black-damp,  which  had 
to  be  slowly  forced  out  by  the  air  current.  The  plan  adopted  was  to 
clean  out  one  pair  of  entries  at  a  time.  Movements  were  hampered 
by  the  dead  bodies  of  mules  and  loaded  cars,  which  were  more  or  less 
blocked  by  the  mules  and  by  falls  here  and  there.  Investigation 
made  to  the  southeast  of  the  escape  shaft  disclosed  the  fact  that  a 
current  of  hot  gases  and  smoke  was  entering  from  the  east  side. 
This  evidently  came  from  the  fire  under  the  fall  at  the  northeast  of 
the  main  shaft  and  from  the  stable,  and  was  carried  around  the 
shaft  pillar  until  it  entered  the  air  shaft  bottom.  The  opening  was 
partly  closed  by  a  stopping  made  of  bags  of  sand. 

Meantime,  investigation  was  proceeding  on  the  south  side  of  the 
mine  and  to  the  west. 

It  was  felt  that  the  fire  was  under  control,  and  as  the  search  for 
bodies  was  being  actively  prosecuted  by  regular  shifts  of  men,  the 
State  Inspectors  thought  it  would  be  safe  to  return  to  their  re- 
spective districts,  where  there  was  urgent  call  for  their  services. 
Mr.  Paul  of  the  Survey  also  left  for  Pittsburg. 

Owing  to  the  bad  air  encountered  at  the  foot  of  the  shafts  and  the 
length  of  time  that  had  elapsed,  it  was  not  considered  possible  that 
anyone  trapped  in  the  mine  could  be  alive.  Nevertheless,  early  in 
the  afternoon  of  the  following  day,  November  20th,  Mr.  David 
Powell,  who  was  in  charge  of  the  underground  work,  happening  to 
enter  the  second  west  entry  on  the  south  side,  heard  a  noise  and 
going  inward  with  a  shaded  light,  he  was  greeted  by  one  of  a  party 
of  eight  men  who  had  been  entombed  since  the  start  of  the  fire,  and 
had  saved  themselves  by  erecting  barricades  near  the  heads  of  the 
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first  and  second  west  entries.  They  had  jusl  made  holes  through  the 
barricades  and  had  come  out  through  the  black  damp,  to  the  point 
where  discovered  by  Air.  Powell.  This  is  a  distance  of  over  half 
a  mile  that  they  had  to  work  past  cars  and  dead  mules  in  the  dark- 
ness, and  in  an  atmosphere  which  in  places  would  not  support  a 
light. 


Rescuers  with  Protective  Apparatus  at  Cherry  Mine. 

They  arrived  in  comparatively  good  condition  and  reported  that 
there  were  twelve  more  men  behind  the  barricade  not  strong  enough 
to  come  out  by  themselves.  There  was  at  once  need  of  the  helmets, 
and  willing  volunteers  accompanied  by  Mr.  Williams  and  the  writer, 
entered  the  mine.  Since  the  range  of  the  helmets  is  relatively  short 
it  was  advisable  to  carry  them  in  as  far  as  was  possible  before  using. 
Meantime,  an  air  current  was  being  forced  into  the  second  west.  As 
Mr.  Williams  was  the  most  experienced  and  efficient  operator  with 
the  helmets,  the  writer  concluded  to  hold  him  in  reserve,  and  he 
waited  at  the  mouth  of  the  entry  in  comparatively  fresh  air,  later 
being  joined  by  Mr.  Webb.  Meantime  the  air  current  had  been 
slowly  forcing  the  black  damp,  which  is  a  mixture  of  carbon  dioxide 
and  nitrogen,  toward  the  face  of  the  entry. 

We  were  able  to  penetrate  up  to  the  mouth  of  the  seventh  south 
stub-entry,  without  using  the  helmets,  although  the  air  was  not  good. 
Beyond  this  point  the  light  would  go  out  instantly,  and  the  atmos- 
phere was  bad.  It  was  none  too  good  at  the  base  selected,  but  was 
breathable.  The  first  volunteers  were  able  to  get  up  to  the  barri- 
cade, but  could  not  get  through  same  with  the  helmets.  The  black 
damp  from  the  eighth  south  entry  was  very  strong,  so  brattice  cloth 
i  was  sent  for  and  erected  at  the  mouth  of  this  entry,  as  it  had  been 
reported  by  the  leaders  of  the  rescued  men  that  there  was  no  one 
in  it.    The  hole  in  the  barricade  was  enlarged  so  that  the  helmet  men 
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could  go  through  it  and  one  after  another  of  the  miners  who  had 
been  beseiged  behind  it,  were  brought  out,  some  of  them  supported 
by  the  helmet  men  but  a  few  were  able  to  come  by  themselves. 

One  oxygen  resuscitation  box  had  been  brought  in  to  the  base  at 
the  seventh  south,  and  this  was  applied  to  the  most  exhausted  men, 
as  well  as  the  rescuing  brigade,  who  overworked  in  the  warm  atmos- 
phere and  some  of  whom  did  not  have  the  helmets  perfectly  adjusted. 
None  were  experienced  in  the  use  of  the  helmets,  and  the  fact  that 
they  did  so  well  was  most  creditable  and  praiseworthy. 

Meantime  a  line  of  men  had  been  made  all  the  way  back  to  the 
shaft  at  frequent  intervals  so  that  help  was  given  all  away  along 
the  line  to  the  rescued  men.  Finally  all  but  one  man  was  brought 
out.  At  the  time  it  was  thought  there  was  another.  Mr.  Williams 
came  up  and  with  a  volunteer  went  in  and  after  great  difficulty 
this  time  could  be  reached  without  helmets.  Here  oxygen  was  ad- 
ministered both  to  the  rescued  man  and  the  rescuer.  As  stated  it 
managed  to  drag  this  helpless  man  to  the  barricade,  which  by 
was  thought  at  the  time  another  man  was  inside  and  the  writer  and 
Mr.  Webb  were  preparing  to  go  in  when  information  was  brought 
from  the  leaders  of  the  rescued,  that  all  had  been  accounted  for 
in  the  vicinity.  The  retreat  was  then  made  and  the  body,  that  of 
a  Frenchman  named  Paul,  found  in  the  vicinity  of  the  fifth  and 
sixth  stub,  brought  out.  These  entries  were  then  closed  with  a  brat- 
tice and  the  air  turned  into  the  south  entries,  where  the  following  day 
a  large  number  of  bodies  were  found.  These  men  had  shown  much 
ingenuity  in  making  fans,  but  unfortunately  the  idea  of  barricading 
had  not  occurred  to  them,  as  it  had  to  those  in  the  first  and  second 
west  entries.  From  the  notes  they  left,  they  had  evidently  not  lived 
after  Monday,  or  at  least  were  not  conscious. 

The  story  related  by  the  rescued  men  is  of  extraordinary  scientific, 
as  well  as  human,  interest.  As  related  to  the  writer  by  one  of  them, 
Salvatori  Pigatti,  condensing  and  translating  his  broken  English ;  he 
states :  I  worked  in  the  straight  second  northwest  entry.  Did  not 
know  about  the  fire  till  3  o'clock  Saturday,  when  I  smelled  smoke; 
went  toward  the  bottom  (distant  Y\  mile)  the  air  getting  worse; 
tried  to  get  into  the  first  east  on  the  south  side,  which  runs  to  the 
escape  shaft,  but  too  much  smoke ;  met  other  men  at  mouth  of  second 
west  south  side ;  there  were  twenty-one  of  us  in  all ;  we  retreated  up 
this  entry  to  the  fifth  and  sixth — south  stub  entries,  where  we  stayed 
some  time ;  came  out  to  near  mouth  of  second  west  several  times, 
but  had  to  go  back.  There  was  a  Frenchman,  named  Paul,  who  felt 
very  badly.  He  said  he  would  go  to  the  bottom  and  send  assistance 
if  he  got  there.  He  didn't  come  back,  so  we  followed  and  found  him 
near  the  sixth-south  entry  dying.  After  he  died  we  were  driven 
in  by  the  bad  air  to  near  the  head  of  the  second  west  entry,  and  on 
Monday  began  to  build  two  walls,  one  across  second-west,  and  one 
across  the  back-entry  or  first-west.  These  were  located  just  outside 
of  the  haulage  crosscut  to  the  ninth  and  tenth-north  stub.    The  walls 
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were  built  of  stone,  powder  cans,  and  mud.  Up  to  this  time  the 
lamps  burned,  though  dimly.  We  had  plenty  of  oil  and  matches, 
a  kerosene  torch  which  burned  low,  and  two  small  acetylene  miner's 
lamps.  When  the  stoppings  were  complete,  our  oil  lamps  and  kero- 
sene torch  would  no  longer  burn ;  we  could  still  keep  an  acetylene 
lamp  burning.  But  on  Tuesday  this  went  out  and  we  could  not  re- 
light it;  the  matches  would  not  burn.  We  were  four  days  in  the 
dark.  We  got  water  by  digging  holes  in  the  floor,  particularly  in 
the  rooms  off  the  tenth-north  stub,  and  by  doing  this  were  able  to 
dampen  cloths.  We  got  so  little  water  and  were  feeling  so  thirsty 
we  decided  to  go  to  the  bottom  to  try  to  get  water  before  giving  up. 
I  dug  the  hole  through  the  stopping  in  the  second-west,  and  another 
hole  was  dug  through  the  stopping  of  the  first-west.  I  had  a  ter- 
rible headache  when  I  finished.  Four  of  us  started,  and  then  four 
more  followed.  We  had  a  hard  time  going  along  the  entry ;  there 
was  a  terrible  smell  as  we  went  past  dead  mules  and  it  was  hard  to 
climb  around  the  cars.  Finally  we  saw  a  light,  then  many  lights, 
and  came  on  officials  near  the  mouth  of  the  entry. 

Scientific  interest  is  awakened  by  this  demonstration  of  the  possi- 
bility of  sustaining  life  for  five  days  when  oil  lamps  will  not  burn. 
Such  oil  lamps  go  out  when  the  percentage  of  oxygen  in  the  air  falls 
below  16%.    Normally  there  is  20%. 

It  seems  extraordinary  that  with  upwards  of  5%  of  carbon  dioxide 
(C02)  in  the  air,  life  could  be  so  long  sustained.  It  seems  probable 
that  there  cannot  have  been  any  carbon  monoxide  (CO)  present  in- 
side of  the  barricade,  as  the  effect  of  this  is  poisonous,  the  haemo- 
globin of  the  blood  absorbing  same  and  thus  preventing  the  absorp- 
tion of  oxygen.  When  the  haemoglobin  becomes  80%  saturated, 
death  results.  According  to  Haldane,  with  long  exposure  anything 
above  0.15  of  1%  is  dangerous.  With  0.4  of  1%,  death  ensues  in  a 
short  time. 

At  the  face  of  the  northwest  entry  a  sample  of  air  was  obtained 
by  the  writer  which  showed  0.3  of  1%  carbon  monoxide  (CO)  as 
determined  with  an  Orsat  apparatus. 

To  return  to  the  narrative.  The  search  in  the  south  side  of  the 
mine  was  actively  pursued  that  night,  but  with  no  more  fortunate 
finds.  The  State  Inspectors  returned  to  Cherry  the  following  day. 
November  21st. 

The  fires  in  the  vicinity  of  the  hoisting  shaft  gave  more  or  less 
trouble.  An  attempt  was  made  to  push  an  entrance  under  the  fall 
on  the  northeast  side  of  the  shaft,  but  the  tumbling  roof  threatened 
to  slide  over  and  squeeze  the  shaft,  as  it  did  on  the  pump  room  side, 
making  it  difficult  to  get  the  southeast  cage  to  the  landing.  The 
return  from  the  fires  passed  around  the  east  side  and  thence  through 
the  partial  stopping  of  sand  bags,  previously  mentioned.  A  pipe 
was  placed  through  this  stopping  and  the  latter  made  tighter.  We 
took  frequent  readings  with  the  thermometer,  finding  the  temperature 
was  103  deg.  Fah.,  increasing  later  to  107  deg.  Fah.    Samples  of  the 
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gases  were  frequently  taken  and  analyzed  on  an  Orsat  apparatus 
for  C02,  CO  and  O.  Unfortunately  it  did  not  have  a  Methane  at- 
tachment. 
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It  will  be  noted  that  as  the  stopping  was  made  tighter  the  percent- 
age of  C02  increased.  It  will  also  be  noted  that  there  is  unaccounted 
for,  o.6  to  3.3%  ;  whether  this  was  due  to  formation  of  methane  or 
other  hydro-carbon  gases,  or  to  absorbtion  of  oxygen  by  the  coal 
and  roof  material,   is  a  question. 

By  the  evening  of  November  22d,  the  middle  vein  having  been  ex- 
plored, except  for  the  northeast  section,  on  the  other  side  of  the 
fires,  with  no  approach  except  through  the  fires,  it  was  proposed  to 
explore  the  lower  vein.  Mr.  W.  W.  Williams,  a  State  Inspector, 
and  the  writer,  made  arrangements  for  the  exploration.  Having 
gone  to  the  middle  vein,  the  southeast  cage  was  lowered  and  after 
some  difficulty  the  rope  of  the  third  vein  cage  attached.  This  was 
then  brought  up  to  a  landing  about  fifteen  ft.  below  the  middle  vein 
landing.  The  entrance  to  the  former  was  blocked  by  the  heavy  fall 
northeast  of  the  shaft  so  it  was  necessary  to  reach  the  cage  by  going 
down  the  rope.  Having  tested  the  air  by  lowering  a  thermometer 
and  safety  lamp,  (there  was  a  strong  current  of  fresh  air  going 
down),  Archie  Frew,  Bernard  Doughty  and  Robert  McFadden  slid 
down  on  the  cage,  and  were  lowered.  They  found  three  feet  of 
water  on  the  bottom,  but  waded  to  the  overcast  as  it  was  suspected 
there  would  be  the  most  likely  place  for  living  men.  None  were 
found,  only  a  few  buckets  showing  some  had  been  there  at  one  time. 
They  then  returned  to  the  cage,  but  on  hoisting  the  main  cage 
stuck,  after  making  efforts  to  get  it  past  where  some  projecting 
rivets  caught  the  shoe,  and  the  men  became  so  chilled  from  water 
falling  from  the  water  ring  in  the  shaft  and  the  temperature  at 
38  deg.  Fah.,  they  climbed  the  slippery  buntens  for  over  a  hundred 
feet  vertically.  On  reaching  the  under-landing,  a  sling  was  made 
to  pull  them  up  one  by  one  through  the  hole  in  the  cage  seat.  The 
cage  was  then  lowered  and  the  third  vein  cage  detached.  The  main 
cage  then  passed  the  obstructions  which  were  subsequently  removed, 
— and  regular  hoisting  resumed.  The  remainder  of  that  night  and 
next  morning,  November  23d,  the  attack  on  the  fire  around  the  shaft 
had  to  be  renewed.    The  search  having  been  completed  on  the  south 
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and  west  side,  an  effort  was  made  to  reach  the  east  side  through  an 
abandoned  road.  This  failed,  as  the  road  was  found  to  be  caved  in. 
A  momentary  panic  was  caused  along  the  line  of  men  stretched  out 
for  half  a  mile  by  an  order  to  come  out  on  account  of  the  condition 
of  the  fires  at  the  bottom,  which  were  attacked  by  the  firemen  at 
several  points  through  the  shaft  lining,  the  smoke  issuing  at  times 
24  ft.  above  the  floor,  indicating  the  height  of  the  fall. 

On  the  morning  of  November  23d,  the  southeast  cage  being  made 
to  run  freely,  the  third  vein  cage  was  again  attached  and  a  party  of 
four  sent  down  to  explore  the  third  vein.  They  found  from  150  to 
169  bodies,  the  count  varying.  Some  of  the  men  had  made  fans  from 
drill  machine  parts.  Canvas  curtains  has  been  hung  but  no  walls 
erected.  None  of  the  notes  found  indicated  the  men  had  been 
conscious  after  Monday  following  the  fire. 

Following  this  exploration  it  was  decided  that  to  get  out  the  bodies 
it  would  be  necessary  to  install  a  pump.  While  this  work  was  being 
arranged,  the  fires  at  the  hoisting  shaft  were  causing  trouble  and  that 
night,  at  3  A.  M.,  November  25th,  it  was  decided  by  the  State 
Inspectors,  and  Mr.  Richard  Newman,  Chairman  of  the  Illinois 
Mining  Commission,  to  seal  both  shafts  for  awhile  to  obtain  control 
of  the  fire. 

What  lessons  are  we  to  draw  from  this  and  other  like  disasters  ? 

First,  the  danger  of  having  combustible  material  taken  down  wood- 
lined  shafts  and  into  timbered  passageways. 

Second,  the  menace  of  having  the  approaches  and  the  exits  them- 
selves of  combustible  material. 

Third,  the  danger  of  reversing  a  fan  when  those  above  do  not 
know  all  the  conditions  underground  at  the  moment  of  reversal. 
This  may  or  may  not  have  been  a  matter  of  moment  in  the  present 
instance,  but  the  danger  is  brought  to  notice. 

Fourth,  the  importance  of  having  ample  fire-fighting  equipment 
and  systematic  drilling. 

Fifth,  that  escape  facilities  suitable  for  a  mine  with  100  under- 
ground workers  may  not  be  suitable  for  500  or  600  workers.  The 
depth  of  the  workings  should  also  be  taken  into  account.  Stairway 
exits  which  are  required  by  the  present  Illinois  law  while  suitable 
for  shallow  seams,  may  not  be,  for  deeper  seams,  except  as  an  auxil- 
iary means.  It  may  be  desirable  where  the  number  of  men  under- 
ground is  very  large  and  the  works  extensive,  to  have  an  additional 
escape  shaft,  preferably  with  non-combustible  lining  and  neutral  so 
far  as  ventilation  is  concerned. 

Sixth,  that  fireproof  underground  rescue  chambers,  supplied  with 
food,  water  and  means  of  communication  to  the  surface,  preferably 
with  an  open  drill-hole  would  be  of  inestimable  value.  Such  chambers 
are  used  in  some  of  the  German  mines,  equipped  also  with  oxygen 
self  rescue  apparatus. 

Although  brick  and  concrete  shaft  linings  and  bottom  archways 
are  universal  abroad,  they  are  not  used  in  this  country. 
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The  writer  refrains  from  discussing  these  matters  in  detail  as  they 
are  now  being  investigated  by  the  Illinois  Mining  Commission. 

Safety  features  cost  money.  With  the  present  unhealthy  competi- 
tion in  the  bituminous  industry  of  this  country,  drastic  improvements 
in  existing  mines  would  drive  operators  to  the  wall.  If,  however,  a 
larger  margin  of  profit  was  obtained,  many  of  the  safety  features 
could  be  required  that  are  employed  abroad,  where  much  higher 
prices  are  obtained  in  marketing  the  coal.  Moreover,  the  mining 
laws  in  our  competitive  states,  at  least,  should  be  uniform  so  that 
all  operations  would  be  placed  on  the  same  basis. 

As  to  the  widows  and  orphans  of  the  victims  of  either  small  acci- 
dents or  large  disasters,  the  writer  believes  that  their  maintenance 
and  education  should  be  as  much  a  part  of  the  cost  of  producing  coal 
as  is  the  food  and  clothing  of  the  living  workers.  The  coal  con- 
sumers should  gladly  pay  the  added  cost  of  this.  In  other  words, 
there  should  be  compulsory  accident  insurance  carried  by  the  industry 
as  there  is  in  Germany. 

Discussion. 

Mr.  A.  Bement,  m.w.s.e.  :  While  I  shall  say  but  a  few  words,  it 
may  be  well  to  state  that  certain  features  which  are  of  vital  impor- 
tance, present  themselves  in  connection  with  the  lamentable  disaster 
at  Cherry  and  if  my  directing  attention  to  them  is  of  any  avail,  I 
shall  certainly  feel  gratified. 

Coal  mining  has  always  been  considered  a  hazardous  business  and 
occupation,  for  this  reason  it  has  been  deemed  essential  that  those 
engaged  in  it  exercise  great  care  in  the  prosecution  of  such  work, 
because  it  has  been  felt  that  entire  safety  could  in  no  other  way  be 
insured.  But  serious  disasters  have  occurred  from  time  to  time, 
notwithstanding  the  effort  made  to  avoid  them,  with  the  result  that 
new  departures  in  the  conduct  of  mining  enterprises  tending  to 
greater  safety  have  been  adopted  voluntarily,  as  well  as  enforced  by 
law,  with  the  result  that  greater  safety  has  been  insured,  or,  in  other 
words,  that  safety  has  been  made  more  and  more  automatic.  We 
are  now  in  Illinois  at  one  of  these  epochs  and  at  face  with  a  prospect 
of  serious  nature.  A  state  mining  commission  has  been  recently 
apopinted  by  the  Governor  and  it  will  necessarily  follow  that  the 
result  of  its  investigations,  as  well  as  the  demands  of  popular  opinion, 
may  require  great  changes  in  the  character  of  mining  plant,  as  well 
as  in  better  methods  of  operation,  with  the  result  that  the  cost  of 
production  will  be  increased.  This  in  itself  is  not  objectionable.  But 
the  enforcement  of  such  requirements  as  are  necessary  and  desirable, 
by  the  State  of  Illinois  only,  will  result  in  such  increased  cost  of 
production  that  the  coal  industry  of  this  state  will  be  at  a  disadvantage 
with  other  producing  centers.  Thus  Indiana  for  example,  would 
probably  not  follow  Illinois  in  enforcing  the  same  regulations,  with 
the  result  that  this  state  will  lose  business  to  Indiana  which  would 
have  a  lower  production  cost.    This  fact  is  not  stated  as  an  argument 
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against  provisions  for  greater  safety,  but  to  emphasize  the  absolute 
necessity  of  the  enactment  of  Federal  legislation  which  shall  apply  to 
mining  in  all  states  alike.  In  this  way  mining  methods  over  the  en- 
tire country  may  be  improved,  which  will  be  difficult  if  not  abso- 
lutely impossible  to  secure  by  individual  state  regulation. 

I  am  aware  that  the  establishment  of  such  an  act  by  the  general 
government  must  be  backed  by  strong  public  demand.  The  justice 
and  necessity  for  it  however  is  obvious,  not  only  as  affecting  matters 
of  safety  but  also  that  of  the  conservation  of  our  natural  resources. 
Under  present  conditions  in  the  majority  of  the  coal  fields  of  the 
country,  a  very  large  percentage  of  the  coal  is  left  in  the  ground  and 
lost.  This  coal  is  left  because  it  would  cost  more  to  remove  it  than 
it  does  to  mine  the  coal  that  is  taken  out.  Thus  competition  enforces 
a  process  of  robbing,  resulting  in  a  waste  of  resources  which  amounts, 
at  present  day  prices,  to  between  $100,000,000  and  $200,000,000  per 
annum.  In  addition  to  this  the  large  amount  of  timber  used  in  shaft 
linings,  supports  at  the  shaft  bottom  and  on  main  roads,  is  a  serious 
drain  on  timber  resources,  as  well  as  a  continual  invitation  to  the 
repetition  of  such  catastrophies  as  that  which  has  just  shocked  the 
community.  There  is  no  question  but  that  the  time  has  now  arrived 
when  for  other  reason  than  that  of  safety,  a  more  permanent  ma- 
terial, such  as  concrete,  for  example,  should  be  employed  for  shaft 
linings,  on  shaft  bottoms  and  on  main  roads  where  the  roof  must  be 
supported. 

Mr.  Rice's  suggestion  for  a  separate  escape  shaft  is  a  good  one; 
under  the  present  Illinois  law  two  openings  are  required,  which  shall 
be  not  less  than  300  ft.  apart.  With  shaft  mines  this  requires  two 
distinct  shafts  and  the  employment  of  an  opening  exclusively  as  an 
avenue  of  escape,  suggests  the  necessity  of  three  distinct  shafts, 
which  would  very  materially  increase  the  cost  of  the  plant.  By  the 
employment  of  concrete  however,  if  the  rectangular  form  of  shaft 
be  adhered  to,  the  hoisting,  air  and  escape  shafts  may  be  combined  in 
one,  being  separated  by  concrete  walls,  the  whole  being  fireproof.  By 
means  of  approaches  to  the  escape  shaft  leading  from  a  little  distance 
to  it,  entrance  could  be  had  without  entering  it  at  the  shaft  bottom 
proper.  Likewise  at  the  top,  exit  leading  away  from  the  tipple  would 
be  feasible.  Another  advantage  of  an  independent  escape  shaft,  or 
man  way,  is  that  it  would  not  be  necessary  to  move  air  through  it 
for  ventilation  of  the  mine,  a  matter,  under  some  conditions,  of  great 
advantage. 

Regarding  the  employment  of  the  oxygen  helmets,  I  should  like  to 
say  a  word.  In  no  case  as  far  as  I  am  aware  in  this  State,  has  ade- 
quate facilities  been  found  that  would  enable  effective  service  to  be 
obtained.  There  have  been  cases  where  even  a  rope  to  let  the  men 
wearing  the  helmets  down  into  the  shaft  was  not  available.  Letting 
men  down  in  a  small  bucket  is  an  entirely  inadequate  scheme.  On 
the  occasion  of  a  fire  in  the  mine  at  Zeigler,  111.,  two  men  wearing 
helmets  were  lowered  in  a  bucket  which  caught  and  hung  on  an  ob- 
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struction  till  several  feet  of  the  cable  became  slack,  when  the  bucket 
which  was  resting  at  an  angle,  was  dislodged  and  dropped  the  length 
of  the  slack  of  the  cable.  When  men  are  loaded  with  40  pounds  of 
helmet,  15  pounds  of  electric  lamp,  in  a  smoke  rilled  shaft  in  absolute 
darkness,  an  experience  of  this  character  is  not  liable  to  increase  con- 
fidence as  they  attempt  to  explore  the  workings  of  the  mine. 

The  foregoing  suggests  the  desirability  of  a  suitable  device  in  which 
helmet  men  may  be  lowered,  which  would  be  afforded  by  surrounding 
a  small  platform  with  an  iron  open  work  cage,  high  enough  to  come 
up  to  the  men's  heads  and  provided  with  a  door  or  gate  which  they 
could  easily  close  and  fasten.  Such  a  small  emergency  cage,  together 
with  suitable  cable,  simple  hand  windlass,  properly  mounted  pulley 
over  which  the  cable  may  run  and  a  signal  rope,  are  necessary  ad- 
juncts to  effective  use  of  helmets. 

Mr.  R.  Y.  Williams:  I  would  like  very  much  to  tell  some  of  my 
troubles,  general  and  specific,  in  connection  with  the  rescue  work. 
Thus  far  only  one  mining  company  has  sent  anybody  to  the  station 
to  be  trained ;  one  Illinois  company  sent  three  men  for  training  at  our 
station  in  order  that  their  shaft  or  mine  might  be  entered  with  the 
aid  of  the  helmet.  Consequently  there  are  very  few  people,  or  none 
at  all,  when  we  come  to  a  disaster,  who  know  anything  about  a 
helmet,  know  anything  of  its  use,  advantages,  possibilities,  or  its  lim- 
itations. Therefore  it  is  difficult  for  us,  from  the  Urbana  station, 
to  render  efficient  service.  For  a  specific  case  we  will  take  the 
Cherry  mine  as  an  example.  The  call  came  at  midnight.  I  had  no 
assistant.  Our  appropriation  is  not  large  enough  to  warrant  the  em- 
ployment of  an  assistant,  and  the  operators  of  Illinois  have  consid- 
ered it  unwise  to  furnish  funds  to  employ  an  assistant.  But  I  called 
a  gentleman  who  has  at  times  acted  as  my  assistant,  and  found  him 
sick  in  bed ;  he  was  willing,  however,  to  get  up,  help  pack  the  equip- 
ment, and  go  with  me.  We  prepared  our  1,300  pounds  of  baggage 
and  reached  Cherry  in  a  very  quick  time — 9 135  A.  M. 

The  area  covered  by  the  Urbana  station  is  very  large — Illinois, 
Indiana,  Iowa,  Western  Kentucky,  Michigan  and  Missouri.  This 
territory  keeps  me  busy;  there  is  a  limit  to  human  endurance. 
When  we  arrived  on  this  morning  we  had  had  no  sleep  that  night, 
no  breakfast  that  morning,  and  my  assistant  was  sick.  The  first 
requisite  was  an  understanding  of  the  situation,  to  learn  just  what 
had  happened;  the  next,  planning  of  the  rescue  work  and  arrange- 
ment of  the  details  of  getting  a  rope  from  a  slag  pile  and  hitching 
a  bucket  to  it ;  also  erection  of  a  head  frame,  mounting  a  sheave  and 
other  things.  I  had  to  examine  the  helmets  myself,  wear  them  in 
the  mine,  and  make  investigations  in  a  strange  mine  where  I  knew 
nothing  about  prevailing  conditions.  For  example,  a  blockade  was 
encountered,  of  which  we  had  not  been  informed  before  going  down 
into  the  mine.  Had  we  known  of  it,  much  valuable  time  would  have 
been  saved. 

If  we  start  in  and  do  the  actual  work  ourselves,  as  we  usually  have 
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to  when  the  volunteers  have  become  exhausted — although  the  vol- 
unteers at  Cherry  deserve  a  whole  lot  of  credit — we  know  that  if 
anything  happens  there  is  no  way  of  anybody  coming  after  us,  be- 
cause there  is  no  one  who  knows  how  to  handle  the  helmets.  If  it 
could  be  arranged  so  that  my  assistant,  when  we  go  to  a  place,  could 
be  isolated  in  a  room  and  have  nothing  to  do  but  watch  the  details  of 
the  instruments,  there  would  be  absolutely  no  chance  of  an  instru- 
ment getting  in  use  in  an  imperfect  condition.  If  I  could  be  with 
the  inspectors  and  the  company's  men,  and  help  to  plan  the  actual 
work  that  the  helmet  wearers  are  to  undertake,  I  believe  I  could 
do  much  better  service. 

The  matter  of  physical  strength  is  important.  I  have  laid  track, 
and  done  other  hard  work,  but  that  was  a  long  time  ago,  when  I 
was  getting  my  actual  training.  I  have  also  timbered,  but  that  was 
during  my  apprenticeship.  So,  when  it  comes  to  work  of  this  kind, 
it  is  a  little  hard  to  pitch  in  and  do  anything  like  the  work  that  can 
be  done  by  a  man,  for  example,  of  the  Chicago  fireman  type,  whose 
muscles  are  hard  and  who  are  trained.  If  the  mine-examiners  and 
some  of  the  workmen,  and  a  few  other  willing  young  fellows — 
handy  men — were  trained  to  use  the  helmets,  they  could  do  good 
work  and  our  results  would  be  better,  because  we  would  have  men 
who  are  trained,  are  physically  capable,  who  know  the  mine,  and 
who  could  wear  the  helmet. 

Just  as  an  illustration  of  what  is  expected,  I  want  to  mention 
what  came  up  last  Monday.  In  the  morning  I  received  a  telegram 
from  Mr.  Rice,  asking  me  to  investigate  and  report  on  the  Eldorado 
explosion,  which  was  a  bad  one,  although  the  death  list  was  very 
small.  In  the  afternoon,  right  after  lunch,  Linton,  Indiana,  called 
up  and  said  a  mine  was  on  fire  at  the  shaft,  and  wanted  us  to  go 
right  over.  I  replied  that  there  was  no  train  until  night  which  made 
connection.  I  had  just  hung  up  the  receiver  when  a  call  came  from 
DuQuoin,  Illinois,  asking  us  to  come  down  and  help  put  out  a  fire. 
It  transpired,  however,  that  they  did  not  know  whether  there  was 
a  fire  or  not,  as  the  mine  had  been  sealed  three  or  four  weeks,  and 
they  wanted  us  to  open  it  right  ofr"  and  find  out.  Then  a  newspaper 
was  handed  me  containing  an  account  of  the  Marion  fire,  which 
might  need  the  helmet.  It  seems  to  me  there  is  certainly  a  good 
chance  in  Illinois  for  a  few  rescue  station  besides  Urbana. 

Mr.  W .  L.  Abbott,  m.w.s.e.  :  I  do  not  think  a  layman  should  take 
up  the  time  of  this  audience  to-night  in  the  discussion  of  this  very 
interesting  subject;  but  I  would  call  the  attention  of  the  Society  to 
the  fact  that  something  less  than  a  year  ago,  at  the  instance  of  the 
coal  operators,  this  Society  petitioned  the  legislature  to  make  an 
appropriation  to  establish  at  the  State  University  a  department  of 
Mining  Engineering,  particularly  for  the  purpose  of  investigating 
and  improving  the  engineering  work  of  our  coal  mines.  Because 
of  the  representations  made  by  this  Society  and  others,  the  legis- 
lature made  such  an  appropriation  and  the  department  of  Mining 
Engineering  in  the  University  of  Illinois  has  been  established. 
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We  have  here  tonight  the  professor  who  has  been  placed  in  charge 
of  that  department,  and  I  would  like  to  have  you  call  on  Professor 
H.  H.  Stoek,  of  the  University  of  Illinois,  who  is  also  a  member  of 
the  Illinois  mining  commission,  and  is  officially  interested  in  the 
subject,  which  is  being  discussed  here  to-night. 

The  Chairman :  I  take  great  pleasure  in  calling  on  Mr.  Stoek, 
and  ask  him  to  say  a  few  words. 

Prof.  H.  H.  Stoek :  Mr.  President,  I  had  no  idea  when  I  came 
here  that  I  was  to  be  called  on,  and  Mr.  Abbott  has  also  given  me 
a  cue  that  the  cage  from  this  floor  stops  at  eleven  o'clock,  so  I  will 
promise  not  to  speak  very  long. 

In  the  first  place,  I  wish  to  commend,  most  strongly,  the  work 
that  was  done  by  the  helmet  men  and  other  rescuers  at  Cherry. 
On   behalf    of    the   Illinois    Mining   Investigation    Commission,    it 
should  be  stated  that  although  some  of  the  daily  papers  reported 
that  the  members  of  the  Commission  were  not  attending  to  the 
duty  imposed  on  them  by  being  at  Cherry,  yet  six  of  the  nine  mem- 
bers were  at  Cherry  the  greater  part  of  the  first  week,  investigating 
and  trying  to  get  data  for  future  use.    You  will  probably  be  inter- 
ested in  knowing  also  that  measures  are  being  taken  to  investigate 
the  causes  of  the  trouble  at  Cherry,  with  a  view  to  making  recom- 
mendations to   the  next  legislature  for  a   revision   of   the  mining 
laws.    The  first  investigation  is  necessarily  that  made  by  the  Coroner, 
and  that  is  in  progress  at  the  present  time.     It  began  on  Monday 
and  the  preliminary  part  that  is  now  going  on,  amounts   simply 
to  the  recognition  of  the  bodies  that  have  been  taken  out  of  the 
mine.     A   joint  investigation   of   the   causes  of   the   disaster   will 
be  begun  tomorrow  morning  in  Cherry,  by  a  committee  from  the 
Board  of  State  Mine  Inspectors,  and  the  investigation  commission 
appointed  by  the  Governor  at  the  last  session  of  the  legislature. 
As  you  know,  that  commission  is  composed  of  three  representatives 
from  the  Operators'  Association  of  Illinois,  three  representatives 
from  the  Miners'  Union,  and  three  disinterested  persons.     The  act 
of  the  legislature  creating  the  commission  gives  it  authority  to  ex- 
amine into  the  condition  of  mining  in  the  State  of  Illinois,  with  a 
view  of  drawing  up  a  new  code  of  laws.     It  had  already  been 
organized  and  was  ready  to  go  on  with  its  work  when  the  Cherry 
disaster  took  place,  and  naturally,  therefore,  its  energies  at  once 
will  be  directed  to  investigating  this  disaster.     Tomorrow  morning 
the  active  work  of  investigation  will  be  begun  in  connection  with 
the  Coroner  and  the  Board  of  Mine  Inspectors. 

I  do  not  think  it  is  incumbent  on  me  to  say  anything  about  the 
Cherry  disaster.  You  have  already  heard  a  great  deal  about  that, 
and  it  would  certainly  be  out  of  place  for  me  as  a  member  of  the 
Commission,  to  make  any  comments  upon  it  before  an  investigation 
has  been  made. 

As  Mr.  Abbott  has  already  reminded  you,  it  was  due  to  the  efforts 
of  this  Society  and  other  societies  in  the  state  that  there  has  been 
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established  at  the  University  of  Illinois  a  department  of  Mining 
Engineering.  That  department  is  now  in  operation,  and  a  course 
has  been  laid  out  adapted  as  nearly  as  possible  to  the  needs  of 
this  state.  Our  appropriation  was  not  so  large  as  we  hope  it  will 
be  in  the  future;  consequently  it  will  not  be  advisable  nor  prac- 
ticable at  first,  to  go  into  all  the  various  branches  of  mining  en- 
gineering; that  we  shall  hope  to  do  at  some  future  time.  In 
starting  we  shall  therefore  devote  our  energies  especially  to  the 
needs  of  Illinois.  A  circular  has  been  prepared  and  will  be  dis- 
tributed in  the  next  few  days,  descriptive  of  just  what  the  course 
will  be. 

In  that  connection,  I  want  to  add  just  a  word  upon  the  subject  of 
secondary  education,  in  connection  with  mining.  When  you  con- 
sider that  each  year  the  output  of  coal  in  this  country  is  increasing 
approximately  ten  per  cent;  what  does  that  mean?  It  means  at 
least  70,000  new  workmen  must  be  brought  into  the  industry  each 
year,  and  the  greater  number  of  these  workmen  come  to  us  un- 
trained, absolutely  unacquainted  with  mining,  and  usually  from  the 
farming  districts  in  southeastern  Europe.  The  training  of  these 
men  is  a  problem  in  education  that  has  not  yet  been  solved,  and 
it  is  one  that  is  exercising  the  minds  of  all  those  who  are  thinking 
about  the  subject  of  education.  Just  how  that  is  going  to  be  gotten 
at  we  do  not  know,  but  the  University  stands  ready  to  help  by 
means  of  lectures  or  in  any  other  way  that  it  possibly  can,  any 
association  throughout  the  state  that  is  aiming  to  help,  not  only 
these  men  who  are  at  the  face — the  foreign  men,  many  of  whom 
can  not  speak  English — but  also  the  many  who  are  preparing  them- 
selves for  the  position  of  mine  manager  or  mine  examiner. 

In  connection  with  the  work  Mr.  Williams  has  spoken  of,  if 
the  men  will  come  to  Urbana  for  training  in  connection  with  the 
helmet  work,  we  hope  also  to  give  other  lectures  in  connection 
with  the  technology  of  mining  that  will  be  of  assistance  to  them. 
We  are  always  open  to  suggestions,  and  shall  be  only  too  glad  to 
receive  them  at  any  time. 

Mr.  Moore :  I  would  like  to  ask  one  question  in  connection  with 
the  coal-dust.  Does  the  sulphur  in  the  coal  play  any  particular 
part  in  forming  the  combination  that  we  have  in  gunpowder  ?  Gun- 
powder, as  I  understand  it,  is  composed  largely  of  powdered  char- 
coal and  sulphur,  with  nitrate  of  potash.  Is  it  possible  that  there 
is  an  absorption  of  excess  of  oxygen  by  the  damp  dust,  and  are  those 
causes  of  dust  explosions? 

Mr.  Rice :  The  subject  is  complex,  of  course,  but  I  hardly  think 
that  sulphur  can  play  an  important  part,  from  the  fact  that  as 
violent  explosions,  or  perhaps  more  violent,  occur  with  the  dust 
that  comes  from  Pocahontas  coal,  which  carries,  in  some  of  the 
samples  that  have  been  submitted  to  us,  less  than  one  per  cent  sul- 
phur, as  contrasted  with  other  coals  carrying  three  to  four  per 
cent.     We  do  not  find,  from  the  informal  observations  made,  that 
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there  is  any  material  difference  in  the  violence  of  our  experiments, 
when  we  use  the  high  sulphur  coal.  We  must  bear  in  mind  that 
the  sulphur  of  coal  is  already  in  combination,  either  as  sulphide  of 
iron  or  sulphate  of  lime — not  free  sulphur  as  is  black  powder. 

Mr.  H.  B.  Gear,  m.w.s.e:  My  observations  are  purely  those  of 
a  layman  who  had  never  been  in  a  mine  prior  to  November  22d, 
of  this  year.  During  that  week  it  was  my  privilege  to  make  a  tour 
of  a  number  of  mines  in  various  parts  of  Illinois,  in  company  with 
three  mining  experts  and  an  operating  engineer,  for  the  purpose 
of  making  recommendations  as  to  the  safeguards  which  might  be 
provided  to  prevent  the  occurrence  of  a  disaster.  These  mines 
varied  widely  in  size  and  equipment  and  are  probably  quite  rep- 
resentative of  general  conditions  throughout  the  Illinois  coal  fields. 

As  an  electrical  inspector  it  was  my  special  duty  to  make  sug- 
gestions as  to  the  electrical  equipment.  The  construction  which 
is  commonly  used  about  these  mines  and  which  I  am  told  is  standard 
for  Illinois  mine  work,  is  carried  out  with  scarcely  a  vestige  of 
recognition  of  the  requirements  of  the  Fire  Underwriters  for  the 
wiring  of  buildings.  The  use  of  bare  wire  is  common,  and  in 
many  cases  the  only  insulation  is  that  afforded  by  the  wooden 
timbers  on  which  the  bare  wire  is  fastened  by  staples  or  spikes. 
Lighting  circuits  are  sometimes  connected  to  heavy  feed  wires 
without  any  protective  fuses,  and  the  soldering  of  joints  is  con- 
sidered an  unnecessary  refinement. 

Such  construction  offers  every  opportunity  for  the  inception  of 
a  bad  fire,  in  case  of  accidental  crosses  or  grounds,  and  violates  the 
fundamental  principles  upon  which  the  rules  of  the  National  Board 
of  Fire  Underwriters  are  based. 

It  was  explained  that  all  such  construction  must  be  executed  by 
members  of  the  miner's  union,  and  as  there  are  no  skilled  elec- 
tricians among  them,  the  work  cannot  be  done  as  it  should  be. 

A  suitable  code  of  rules  should  be  embodied  in  a  statute  requir- 
ing such  construction  to  be  made  safe,  and  providing  for  its  en- 
forcement by  state  inspectors. 

One  very  useful  application  of  electricity  seems  to  have  been 
neglected  in  general  mine  practise,  viz :  the  telephone.  It  would 
appear  that  an  intercommunicating  telephone  system  connecting 
to  the  hoisting  engineers,  cagers,  superintendent's  office,  and  other 
important  points  about  the  mine  would  serve  a  very  useful  pur- 
pose during  the  daily  operation  of  the  mine,  as  well  as  being  an 
invaluable  means  of  quick  communication  in  emergencies. 

The  practise  of  lighting  the  entries  and  escape  roads  by  electric 
light  which  prevails  in  some  of  the  larger  mines  should  be  made 
universal,  and  should  be  extended  to  all  principal  entries,  escape 
roads  and  escape  shafts.  This  is  especially  important  in  stables 
and  store  rooms  where  oil  and  inflammable  materials  are  kept. 
This  would  permit  the  enforcement  of  a  rule  forbidding  the  use  of 
oil  lamps  in  such  places. 
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Careful  attention  was  given  to  the  general  lire  risk  in  the  mines 
visited  and  to  the  provision  of  means  of  acess  to  the  escape  shaft 
from  any  part  of  the  mine  in  case  of  fire  near  the  hoisting  shaft. 
Judging  from  the  conditions  found,  I  can  heartily  endorse  the  con- 
clusions drawn  by  Mr.  Rice  at  the  close  of  his  paper. 

There  can  be  no  question  as  to  the  necessity  of  providing  con- 
struction which  is  as  near  fire  proof  as  possible,  and  ample  means 
for  the  fighting  of  fire  and  for  the  escape  of  men. 

Mr.  Earnest  F.  Smith,  m.w.s.e.  (by  letter)  :  It  is  my  opinion 
that  the  most  serious  element  of  danger  present  in  Illinois  mines 
results  from  the  general  practice  of  maintaining  the  stables  at 
the  bottom.  This  extraordinary  hazard  should  be  eliminated  by  a 
statute  prohibiting  the  practice  and  requiring  that  all  stables,  hay 
rooms,  etc.,  be  installed  at  the  top.  However,  much  can  be  done 
to  reduce  the  risk,  pending  such  action.  The  stable  and  hay  room 
should  be  of  fire-proof  construction  throughout,  and  should  be 
provided  with  air-tight,  fire-proof  doors  to  insure  the  confining 
of  fire  which  might  originate  in  the  inflammable  hay  and  bedding 
contained  therein.  Such  stables  and  hay  rooms  should  also  be 
thoroughly  equipped  with  an  automatic  sprinkler  system.  The 
practice  of  using  open  flames  in  and  about  these  rooms  should  be 
strictly  prohibited,  and  the  installation  of  a  safe  and  reliable  elec- 
tric lighting  system,  constructed  in  accordance  with  specifications 
contained  in  the  Underwriters'  rules,  should  be  required  by  law. 

In  all  cases  where  escape  roads  lead  through  or  past  the  en- 
trances to  stables  or  hay  rooms,  such  roads  should  be  abandoned 
for  such  purpose  and  new  roads  should  be  provided,  so  as  to 
eliminate  the  necessity  of  passing  through  or  near  the  stables  when 
attempting  to  escape  from  the  mine  either  by  way  of  the  main 
shaft  or  the  escape  shaft. 

The  main  and  escape  shafts  should  be  cement  lined,  and  should 
not  embody  in  their  structures  combustible  materials  of  any  kind. 
The  bottom  should  be  of  fire-proof  construction  within  a  radius 
of  fifty  feet  of  each  shaft.  All  wooden  tipples  and  fan  houses 
should  be  replaced  with  fire-proof  structures. 

It  is  questionable  whether  many  of  the  mines  have  an  adequate 
source  of  water  supply  for  effective  fire-fighting.  A  determined 
effort  to  obtain  such  water  supply  within  limits  of  reasonable  cost 
should  be  made,  and  in  the  event  of  failure,  extraordinary  pre- 
cautionary measures  should  be  required.  Adequate  pumping  equip- 
ment and  an  extensive  system  of  fire  lines,  with  hose  connection 
and  hose  throughout  the  mines,  top  and  bottom,  should  be  required 
in  all  mines. 

A  fire  fighting  force  should  be  organized  among  the  more  per- 
manent employes,  and  frequent  fire  drills  should  be  instituted  to 
insure  efficient  action  during  emergencies. 

A  local  telephone  system  should  be  installed  at  each  mine. 
Telephones,  provided  with  loud  ringing  gongs,  installed  at  the  bot- 
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torn  of  the  shafts,  at  all  main  partings,  in  the  stables,  in  the  fan 
house,  the  office  and  other  upper  structures.  These  would  serve 
as  fire  alarm  and  as  a  means  of  promptly  communicating  a  gen- 
eral alarm  throughout  the  mine  in  case  of  disaster,  actual  or  im- 
pending. Such  a  system  would  be.  an  invaluable  aid,  during  an 
emergency,  in  formulating  course  of  procedure  and  transmitting 
necessary  orders  to  put  it  into  effect.  In  this  connection  it  is  im- 
portant that  general  rules  governing  the  action  to  be  taken  in 
various  contingencies  most  likely  to  occur  in  the  operation  of 
a  mine,  be  formulated  and  promulgated  in  each  mine.  In  preparing 
the  rules,  each  responsible  employee  in  the  organization  should 
participate  by  contributing  his  suggestions  and  recommendations ; 
thus  all  would  have  seriously  considered,  in  advance,  the  various 
aspects  of  each  contigent  situation,  and  would  be  better  qualified 
to  act  promptly  and  effectively  during  any  probable  emergency  than 
would  otherwise  be  the  case.  He  would  not  only  have  considered 
all  of  the  possibilities  associated  with  various  kinds  of  emergencies, 
but  through  the  establishment  of  the  rules  would  have  become 
familiar  with  the  best  course  of  procedure  to  be  followed,  as  written 
in  the  rules,  and  as  representing  the  best  combined  judgment  of 
those  in  authority;  such  judgment  having  been  formed  deliberately 
and  under  the  most  favorable  conditions  at  a  time  when  no  stress 
or  contingency  confronted  them. 

In  preparing  the  rules  particular  attention  should  be  given  to 
the  proper  operation  of  the  ventilating  system,  as  an  error  of  judg- 
ment, or  irresponsible  action,  resulting  from  poor  discipline,  affecting 
the  handling  of  the  fans  in  an  emergency,  would  undoubtedly  con- 
tribute largely  to  the  disaster. 

A  high  standard  of  discipline  is  essential  to  safety  of  life  and 
property,  and  there  is  evidently  room  for  marked  improvement  in 
most  mines. 

Various  regulations  of  the  miners'  union  and  the  consequent 
relations  between  the  operators  and  the  miners,  in  the  practical 
operation  of  a  mine,  are  seriously  detrimental  to  the  establishment 
and  maintenance  of  a  high  order  of  discipline.  This  is  a  very  com- 
plex subject,  which  is  of  sufficient  importance  to  warrant  thorough 
investigation  and  consideration  with  a  view  to  eventually  improv- 
ing conditions. 

In  ths  paper,  the  author  has  made  it  very  clear  that  the  use 
of  certain  explosives  in  mining  operations  greatly  increases  the 
danger,  and  it  is  gratifying  to  learn  that  the  U.  S.  Geological  Survey 
is  accomplishing  substantial  results  in  pointing  the  way  to  the 
miners  to  avoid  such  dangers.  However,  it  does  not  appear  that 
the  Illinois  mines  have  taken  advantage  of  the  results  of  these  in- 
vestigations, and  it  is  evident  that  same  should  be  made  com- 
pulsory. 

The  present  practice  of  allowing  shooting  to  be  done,  under 
specified  conditions,  by  others  than  regular  shot  firers,  should  be 
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discontinued,  as  it  is  very  dangerous.  "Windy  shots"  are  more 
likely  to  occur  under  such  circumstances,  and  disastrous  explosions 
are  often  the  result  of  careless  or  unskillful  shooting. 

In  order  to  further  reduce  the  explosion  hazard,  we  should 
bear  in  mind  the  results  of  the  experiments  of  the  U.  S.  Geological 
Survey  on  the  explosibility  of  coal  dust.  It  has  been  stated  that 
such  dust  is  an  element  of  danger,  even  though  it  be  comparatively 
wet  and  composed  of  particles,  I  believe,  as  large  as  l/%  in.  diameter. 
It  is,  therefore,  important  to  prevent  the  accumulation  of  coal  dust 
in  the  mine.  Ample  ventilation  is,  of  course,  necessary  to  prevent 
the  accumulation  of  explosive  mixtures  of  gas  and  air,  and  it  thus 
becomes  important  to  keep  all  air  courses  clear  of  all  falls  and 
other  obstructions.  This  is  especially  so  when  such  air  courses  are 
to  be  used  in  emergencies  as  escape  roads.  All  escape  roads  should 
be  lighted  at  all  times  by  electric  lamps,  as  open  flames  are  likely  to 
be  extinguished  by  the  strong  ventilating  air  currents,  thus  seriously 
interfering  with  or  possibly  preventing  escape  in  case  of  trouble. 

I  am  very  favorably  impressed  with  the  plan  of  providing  acces- 
sible fire-proof,  gas-tight  refuge  rooms  in  the  mines,  communicating 
with  the  outer  world  by  means  of  a  small  pipe,  provided  in  advance, 
through  which  all  of  the  necessities  of  life  could  be  supplied  until 
such  time  as  the  imprisoned  men  could  be  rescued. 
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A  UNIQUE  TYPE  OF  REINFORCED  CONCRETE  CONSTRUCTION 

Theodore  L.  Condron,  m.w.s.e. 

Read  December  15,  1909. 

The  most  common  material  used  in  floor  construction  for  build- 
ings is  wood  and  the  usual  form  of  wooden  floor  construction  con- 
sists of  plank  flooring  supported  on  joists,  and  the  latter  in  turn 
supported  by  wooden  girders  between  columns  or  walls.  With  the 
introduction  of  structural  iron  and  steel,  wooden  columns,  girders, 
and  joists  have  been  frequently  replaced  with  iron  or  steel. 

It  will  be  noticed  that  except  for  the  continuity  of  the  plank  floor- 
ing, there  is  no  continuity  in  any  of  the  parts  of  this  construction, 
except  that  a  little  may  be  gained  by  riveting  or  bolting  together  the 
webs  of  iron  or  steel  beams,  as  it  is  not  practical  to  splice  the  beam 
flanges,  over  supports. 

In  special  cases  plank  flooring  has  been  replaced  by  brick,  tile,  or 
concrete  arches  sprung  between  steel  beams,  the  latter  being  carried 
by  steel  girders. 


Fig.    1. — "First  Type."    Reinforced  Concrete   Slabs  on   Steel   Beams. 

With  the  introduction  of  reinforced  concrete  as  a  building 
material,  the  familiar  forms  of  floor  construction  were  very  naturally 
reproduced  in  this  material.  The  gradual  development  of  this 
construction  may  be  outlined  in  seven  types,  thus : 

(1.)  Reinforced  concrete  slabs,  carried  by  steel  joists,  and 
girders.    Fig.  I.* 

(2.)     Reinforced    concrete    slabs    and    joists,    carried    by    steel 


girders. 

(3.) 

girders. 
(4-) 


Reinforced 
Fig.  2.* 
Reinforced 


concrete    long    span    slabs,    carried    by    steel 

Fig".  3- 
Reinforced  concrete  slabs,  joists  and  girders.     Fig.  4.* 


*Brief  descriptions  of  the  illustrations  of  these  five  types  are  given  in  the 
appendix  to  this  paper. 
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(SO 

(6.) 

Fig.  6. 

.(7.) 
srirders, 


Reinforced  concrete  long  span  slabs  and  girders.     Fig.  5.* 
Reinforced    concrete    slabs,    without    beams    or    girders. 


concrete    paneled    slabs,    without    beams    or 


Reinforced 
Fig.  7- 

_  In  the  summer  of  1907,  the  writer's  partner,  Mr.  F.  F.  Sinks,  de- 
signed and  made  complete  sketches  for  a  new  type  of  reinforced 
concrete  floor  construction,  eliminating  the  usual  girders  and 
beams.**  After  very  carefully  analyzing  the  stresses  in  this  design 
we  decided  to  make  tests  to  demonstrate  the  correctness  of  our 
analysis.    We,  therefore,  had  a  model  made  to  one-eighth  size  of  a 


Fig.   2. — "Second    Type."      Reinforced    Concrete   Joists   and    Slabs    on    Steel 
Girders.     Filter  Bed   Roofs,   Indianapolis,   Ind. 

portion  of  the  first  floor  of  the  Manufacturers'  Furniture  Exchange 
Building,  Fig.  5,  reproducing  2*4  panels  in  width  by  2%  panels  in 
length  of  the  floor  construction  and  columns.  Another  model  was 
also  made  of  the  same  proportion  and  with  the  same  column  spacing 
but  following  the  girderless  slab  design  referred  to.  These  two 
models  are  shown  in  Fig.  8,  as  they  were  set  up  for  testing.  The 
surface  area  of  these  models  was  approximately  twenty  square  feet 


**Mr.  Sinks  has  applied  for  letters  patent,  covering  the  construction  here 
described. 
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Fig.  3- — "Third  Type."     Reinforced  Concrete  Long  Span  Slabs  on  Steel  Gir- 
ders.    Chicago  City  Railway  Car   Barns. 


■ 


JP 

■ 

iL 

1*       ^*B 


]-"ijr.    4. — "Fourth    Type."      Reinforced    Concrete    Girders,    Beams    and    Slabs. 

Advance  Thresher  Co.  Building. 
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each.  A  very  simple  apparatus  was  arranged  for  1 1^ t i t i l;  by  hydro- 
static pressure,  the  models  being  supported  on  heavy  steel  1  beams 
and  a  testing  platform  covering  the  upper  surface.  I'etween  the 
testing  platform  and  surface  of  the  model   there  was  introduced  a 


Fig.  5. — "Fifth  Type."'     Reinforced  Concrete  Girders  and  Long  Span    Slabs. 
Manufacturers'  Furniture  Exchange  Building. 


Fig.  6.— "Sixth  Type."     Reinforced  Concrete  Flat   Slab.     Hirsh,   Stein  &  Co. 

Building. 
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Fig.    7.— "Seventh   Type."     Reinforced   Concrete    Paneled    Slab.      Studebaker 

Automobile  Building. 


Fig.  8.— Reinforced  Concrete  Models,  One-Eighth  Full  Size.    Made  for  Tests. 

Upper  Photograph,  Model  "A"  Girder  and  Slab  Type.   Showing 

Testing  Apparatus   Attached.     Lower   Photograph, 

Model  "B"  Flat  Slab  Type. 
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rubber  diaphragm  rilled  with  water  and  connected  with  a  stand  pipe. 
By  raising  and  lowering  the  head  of  the  water  in  the  stand  pipe, 
loads  were  put  upon  the  model,  varying  from  o  to  970  lb.  per  sq.  ft. 
Deflectometers  were  used  to  measure  the  deflection  of  each  of  the 
four  panels,  by  means  of  which  it  was  possible  to  measure  without 
difficulty  the  deflection  to  a  thousandth  of  an  inch.    The  deflections 


PUBLISHED    BY    KEUFTEL8    LSSfff   L?NLW    YORK" 


Fig.  9.— Diagram  of  the  Deflections  of  the  Models  "A"  and  "B"  Under  Test 

Loads. 
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of  these  panels  were  recorded  and  these  records  are  shown  in  Fig.  9. 
The  models  reproduced  construction  designed  for  safe  loads  of  150 
lb.  per  sq.  ft.  The  dead  weight  of  the  floor,  in  full  size,  averaged 
about  85  lb.  per  sq.  ft.,  hence,  the  dead  load  and  "safe  live  load" 
together  equaled  235  lb.  per  sq.  ft.    With  a  factor  of  safety  of  three, 


Fig.  10. — Part  of  the  Floor  Reinforcement  of  Flat  Slab  Type.     Hirsh,  Stein  & 

Co.  Building. 

the  theoretical  ultimate  strength  of  the  construction  would,  there- 
fore, be  705  lb.  per  sq.  ft.  In  models  of  this  kind,  the  carrying  capac- 
ity of  the  models  should  be  the  same  as  the  carrying  capacity  of  the 
floor  construction,  that  is,  the  model  although  of  one-eighth  the  size 
should  be  capable  of  carrying  as  much  load  per  square  foot  as  the 


Fig.   11. — Architect's  Perspective  Sketch  of  Studebaker  Automobile  Building. 

actual  floor  and  not  one-eighth  of  the  load.  It  is,  therefore,  inter- 
esting to  note  from  the  deflection  diagrams,  that  while  these  models 
carry,  with  only  a  few  cracks  and  no  sign  of  collapsing,  as  much 
load  as  we  could  put  on  with  our  apparatus,  namely  970  lb.  per 
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sq.  ft.,  they  show  marked  changes  in  the  deflection  curves  after  the 
loads  exceed  700  lb.  per  sq.  ft.  The-  study  of  the  tests  of  these 
models  has  been  of  great  assistance  in  determining  the  proper 
method  of  analysis  of  the  stresses  in  this  construction  and  also  con- 
firmed us  in  the  correctness  of  onr  original  analysis 

This  design  comes  under  the  "6th"  type,  the  floor  "slab  without 
girders  or  beams."  The  first  practical  application  made  of  this 
design  was  in  the  reinforced  concrete  construct  inn  of  a  factory 
building-  for  Hirsh,  Stein  &  Co.,  at  Hammond,  hid.,  shown  in  Fig.  6. 
These  floors  were  designed  for  a  safe  working  load  of  400  lb.  per 
sq.  ft.  in  addition  to  the  dead  load.  The  columns  are  15  ft.  apart. 
As  the  building  is  used  for  the  manufacture  and  storage  of  fertil- 
izer, there  was  no  attempt  to  make  it  ornamental.  The  partial  re- 
inforcing of  the  floors,  shown  in  Fig.  10  indicates  the  important 
elements  of  the  design,  hut  these  will  be  made  clearer  in  the  illustra- 
tions and  descriptions  of  the  Studebaker  Building,  which  follows. 
It  should  he  stated,  however,  that  these  floors  are  carrying  daily  the 
full  400  lb.  live  load  for  which  they  were  designed,  and  probably 
this  is  frequently  exceeded.    This  load  is  equivalent  to  the  weight  of 


I 


'  ■  k  ;^;.  . 
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Fig.   12. — The   Studebaker  Automobile  Building  Under  Construction. 

water  covering  the  floor  seven  feet  deep.  The  photograph,  Fig.  6, 
was  taken  by  the  writer  when  they  were  beginning  to  use  the  floor 
by  piling  fertilizer  from  a  belt  conveyor. 

This  brings  us  to  the  seventh  type  of  construction,  "the  paneled 
slab  without  girders  or  beams,"  a  type  especially  suited  to  business 
and  factory  building-  and  adopted  for  the  construction  of  the 
Studebaker  Building  now  going  up  at  the  corner  of  Michigan  Ave. 
and  2 1st  St.,  Chicago. 

This  building-  is  being  erected  by  Win.  Grace  &  Co.  for  the  owner, 
Mr.  D.  M.  Cummings,  and  is  to  be  occupied  by  the  Studebaker  Bros. 
Mfg.  Co.  for  the  sale,  storage,  and  repair  of  automobiles.  The 
Standard    Concrete    Construction    Co.    are    sub-contractors    for   the 
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concrete  work.  The  reinforced  concrete  portions  of  this  building 
were  designed  by  the  writer's  firm  as  consulting  engineers  for  the 
architect,  Mr.  William  Ernest  Walker,  of  Chicago.  The  appearance 
of  the  exterior  when  finished  will  be  as  shown  in  Fig.  n,  which  is 
reproduced  from  the  architect's  perspective  drawing.  The  building 
is  seven  stories  high  above  the  sidewalk  with  a  basement  8  ft.  6  in. 
clear  under  the  ceiling,  as  shown  in  Fig.  15.  The  foundations  are 
concrete  caissons  carried  to  bed  rock  90  ft.  below  grade.  The  first 
and  second  stories  have  practically  uninterrupted  show  windows  on 
the  two  street  frontages  while  the  stories  above  the  second  have 
brick  curtain  walls  trimmed  with  stone,  and  broken  by  groups  of 
large  windows.  The  reinforced  concrete  wall  girders  are  faced  with 
brick  so  that  no  concrete  appears  on  the  exterior. 

The  eighth  floor  forms  a  temporary  roof,  provision  having  been 
made  for  continuing  the  building  several  stories  higher  in  the  future 
if  so  desired.  A  photograph  taken  on  Nov.  4th,  Fig.  12,  shows  the 
columns,  floors,  walls  and  girders  completed  for  four  stories  and 
work  progressing  on  the  fifth  floor. 

Typical  interior  views  are  shown  in  Fig.  13  and  Fig.  14,  being 
photographs  of  the  basement,  and  first  story,  taken  just  after  the 
forms  were  removed  from  under  the  ceilings.  The  column  spacing, 
it  will  be  noted,  is  unusually  great,  being  practically  24  feet,  each 
way,  making  the  diagonal  distance  between  column  centers  about 
34  feet. 

The  advantages  gained  by  this  paneled  slab  design  are : 

(1.)  An  improved  form  of  construction  whereby  great  strength 
and  carrying  capacity  are  attained  zvith  an  economical  expenditure 
for  material  and  labor. 

(2.)  A  construction  in  which  the  stresses  due  to  dead  zveight  and 
all  applied  loads  can  be  accurately  determined. 

(3.)  A  minimum  depth  of  floor  and  a  consequent  reduction  in 
the  height  of  the  building. 

(4.)  An  improvement  of  the  illumination  of  the  rooms  by  the 
elimination  of  dark  ceiling  shado 'is  ;  and 

(5.)     A  reduction  in  the  expense  of  installing  a  sprinkler  system. 

The  construction  consists  of  continuous  and  paneled  slabs,  sup- 
ported upon  flaring  column  heads.  A  cross  section  of  the  adopted 
design  of  this  building  and  also  a  typical  partial  section  of  a  design 
for  the  same  building,  using  reinforced  concrete  girders,  beams,  and 
slabs  is  shown  in  Fig.  15.  The  same  clear  story  heights  have  been 
provided  in  both  designs.  It  will  be  seen  that  the  excavation  for 
the  basement  is  1  ft.  6  in.  less  for  the  adopted  design  than  for  the 
other  and  that  the  height  from  the  sidewalk  to  the  surface  of  the 
eighth  floor  is  93  ft.  8  in.  as  compared  with  104  ft.  2  in.  or  10  ft.  6  in. 
less  for  the  adopted  design  than  for  the  other.  A  typical  floor  plan 
of  the  building,   Fig.   16,  shows  the  arrangement  of  the  columns, 
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stairs,  and  elevator  openings.  In  the  illustrations,  it  will  be  noted 
the  adopted  design  has  columns  with  widely  flaring  heads  or  capitals 
surmounted  by  square  caps.  These  column  heads  and  caps,  support 
and  form  a  part  of  a  platform  or  slab,  which  may  either  be  of 
uniform  thickness  or  may  be  paneled,  as  in  this  case,  to  reduce  the 
thickness  in  the  center,  but  for  purposes  of  calculation  and  design 
the  floor  and  ceiling  consists  of  intersecting  slabs,  having  widths 
equal  to,  or  slightly  greater,  than  the  extreme  width  of  the  column 
caps,  these  intersecting  slabs  in  turn  supporting  enclosed  slabs.  In 
this  construction,  whether  the  floor  is  made  of  uniform  thickness  or 
is  made  thinner  in  the  center,  the  manner  of  reinforcing  and  sup- 
porting it  is  the  same. 

This  method  of  reinforcing  the  floor  construction  is  exceedingly 
simple  and  direct,  and  is  clearly  indicated  in  Fig.  iy  and  Fig.  18. 
The  longitudinal  reinforcement  of  the  intersecting  slabs  consists  of 
^4  in.  and  %  in.  square  steel  bars.  These  bars  are  bent  as  shown 
in  the  illustrations  so  as  to  reinforce  the  under  side  of  the  intersect- 
ing slabs  between  the  column  supports  and  to  reinforce  the  upper 
face  of  these  slabs  over  the  column  supports  and  for  a  considerable 
distance  each  side  of  the  column  in  order  to  provide  for  tension  due 
to  negative  moment  in  this"  region.  In  addition  to  the  longitudinal 
reinforcement,  the  intersecting  slabs  are  reinforced  laterally  near 
their  upper  faces,  by  y2-m.  round  bars  which  extend  across  the  full 
width  of  the  intersecting  slabs  and  a  considerable  distance  into  the 
enclosed  slab.     This  lateral  reinforcement  serves  a  double  purpose : 

(i.)  Reinforcing  the  intersecting  slabs  against  bending  laterally 
and  hence  the  loads  from  the  enclosed  slabs  are  distributed  over  and 
carried  by  the  full  width  of  the  intersecting  slabs  instead  of  being 
carried  by  their  adjacent  edges  only;  and 

(2.)  Taking  care  of  the  tension  in  the  upper  face  of  the  enclosed 
slab  due  to  negative  moment,  thus  restraining  these  enclosed  slabs 
and  reducing  the  positive  moment  in  them. 

The  lower  reinforcing  of  the  enclosed  slabs  consists  of  two  layers 
of  3^-in.  round  bars  placed  at  right  angles  to  each  other  (spaced 
closer  together  in  the  middle  portion),  near  the  under  face  of  the 
slab  to  fully  reinforce  it  for  tension  due  to  positive  moment.  These 
slabs  are  also  reinforced  around  their  sides,  near  their  upper  faces 
by  the  ^-in.  bars  already  referred  to,  for  tension  from  negative 
moment. 

An  important  feature  of  this  design  is  the  combination  of  the 
column  heads  with  the  intersecting  slabs,  whereby  the  depth  and 
hence  the  strength  of  these  slabs  is  greatly  increased  in  the  region 
of  greatest  neg'ative  moment,  namely  at  the  supports.  Between  the 
column  heads  the  intersecting  slabs  have  their  upper  .faces  supple- 
mented by  the  concrete  in  the  enclosed  slabs  and,  therefore,  they  may 
be  considered  as  having  a  wide  T  section,  thus  increasing  the 
strength  of  the  slab  to  resist  the  compression  due  to  positive  moment* 
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between  the  column  heads.  The  wide  column  heads,  of  course, 
reduce  the  clear  spans  of  the  intersecting  slabs. 

By  paneling  the  ceiling  in  its  middle  portion,  a  great  saving  is 
made  in  material  and  hence  in  the  dead  weight,  over  what  would  be 
necessary  if  the  entire  slab  were  of  uniform  thickness. 

This  construction  is  so  designed  that  wherever  possible  it  is  made 
continuous  over  supports,  hence  the  deflections  and  stresses  are 
much  less  than  is  the  case  for  non-continuous  construction.  It  is 
this  feature,  which  can  be  secured  so  easily  in  reinforced  concrete 
construction,  that  makes  it  possible  to  greatly  reduce  the  depth  of 
beams  and  slabs  where  they  are  properly  reinforced. 


Fig.  15. — Cross-Section  of  the  Studebaker  Automobile  Building,  as  Built,  and 
a  Partial  Section  of  an  Alternative  Design  for  the  Same;  with  Re- 
inforced Concrete  Girders,  Beams  and  Slab.    Showing  the 
Saving  in  the  Building  Height  of  the  Former, 
While  Preserving  the  Same  Clear 
Ceiling  Height. 
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Fig.  18. — Part  Floor  Plan  of  the  Studebaker  Building,  Showing,  the  Arrange- 
ment of  the  Different  Elements  of  the  Reinforcement. 
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As  will  be  seen  by  referring  to  the  floor  plan,  Fig.  16,  it  is  possible 
in  this  construction  to  provide  openings  anywhere  in  the  enclosed' 
slabs  or  to  omit  the  enclosed  slabs  altogether  without  thereby  weak- 
ening the  construction  in  any  way;  or  any  one  of  the  intersecting 
slabs  may  be  changed  in  position,  thus  readily  providing  openings  for 
elevator  and  stair  wells,  and  still  leave  the  stresses  in  the  construc- 
tion determinate. 

In  the  girder  and  beam  design  shown  on  the  right  of  Fig.  15  and 
in  Fig.  20,  a  four  inch  slab  is  supported  by  beams  spaced  8  ft.  apart, 
which  in  turn  are  supported  by  girders  connecting  to  the  columns  as 
shown.  The  girders  are  23  in.  wide  by  26  in.  deep  under  the  slab,  or 
30  in.  over  all,  and  the  beams  are  iil/2  in.  wide  by  22  in.  deep  under 
the  slab,  thus  making  the  maximum  depth  of  the  floor  for  the  tpyical 
panel  30  in.  The  maximum  depth  of  the  floor  of  the  typical  panel  of 
the  adopted  design  is  but  12  in.,  as  shown  in  Fig.  15  and  Fig.  19. 

Both  of  these  designs  were  calculated  for  a  live  load  of  100  lb. 
per  sq.  ft.  and  for  the  bending  moments  for  beams  and  slabs  and 
the  unit  working  stresses  for  concrete  and  steel  allowed  in  the  pro- 
posed revised  Chicago  City  Building  Ordinance.  That  is,  the  moments 

WL2 

for  beams  and  slabs  were  calculated  as for  intermediate  spans,  as 

12 
WL2 

for  end  spans ;  the  maximum  allowable  compression  in  concrete 

10 

in  bending  was  taken  at  700  lb.  per  sq.  in.  and  the  maximum  tension 
in  the  steel  at  one-third  of  the  elastic  limit  or  18,000  pounds  per  sq. 
in.  The  maximum  shear  or  diagonal  tension  in  concrete  without 
reinforcement  was  taken  at  40  lb.  per  sq.  in. 

The  quantities  of  concrete  and  steel  in  these  two  designs,  taking 
into  account  the  extra  concrete  in  the  column  heads  in  the  adopted 
design,  are  nearly  the  same,  in  fact  there  is  6%  less  concrete  and  3% 
more  steel  in  the  girder  and  beam  design  than  in  the  adopted  design. 
With  the  prevailing  unit  prices  for  concrete  and  steel  the  total  cost 
of  materials  alone  is  practically  the  same  for  the  adopted  design  and 
the  girder  and  beam  design.  But  in  the  cost  of  the  formwork  and 
of  placing  the  steel  and  concrete  in  the  two  designs,  there  is  a  great 
saving  in  favor  of  the  adopted  design.  The  greater  simplicity  of 
the  formwork  required  for  the  adopted  design  over  the  girder,  beam, 
and  slab  design  can  be  seen  by  comparison  in  Fig.  19  and  Fig.  20. 

The  columns  in  the  Studabaker  building  are  of  the  Gray  type  and 
are  built  up  of  eight  steel  angles  and  plates,  riveted  together  as  shown 
in  Fig.  21,  and  surrounded  by  concrete.  The  steel  is  designed  to 
carry  the  full  load  in  the  lower  stories,  without  taking  into  account 
the  concrete.  According  to  the  requirements  of  the  building  ordinance 
referred  to,  structural  steel  columns  with  milled  and  spliced  joints. 
when  embedded  in  and  surrounded  by  concrete,  may  be  designed  on 
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the  basis  of  allowing-  a  stress  per  sq.  in.  in  the  steel  of  18000 — 70 — 

R 
but  never  to  exceed  16,000  lb.  per  sq.  in.  If  the  concrete  is  assumed 
to  carry  part  of  the  load,  then  the  stress  in  the  steel  is  not  to  exceed 
15  times  the  stress  in  the  concrete.  Without  hooping-  the  columns, 
the  stress  in  the  concrete  is  not  to  exceed  500  lb.  per  sq.  in.,  and  the 
steel  7,500  lb.  per  sq.  in.  The  basement  columns  carry  nearly  1,000,- 
000  lb.  each  and  have  approximately  60  sq.  in.  of  steel.  The  seventh 
story  columns  are  designed  as  reinforced  concrete  columns.  In 
these  columns  steel  tees  replace  the  angles.  The  fifth  and  sixth 
story  columns  are  shown  being  erected  in  Fig.  22.  This  particular 
type  of  column  is  not  essential  to  this  construction. 

The  reduction  in  the  height  of  buildings  gained  by  adopting  a 
floor  and  ceiling  construction  of  this  type,  without  beams  or  girders, 
results  in  effecting  a  saving-  in  walls  and  columns  ;  in  equipment  for 
elevator,  heating,  plumbing,  sprinkler  systems,  and  lighting;  and 
in  the  annual  expenditure  for  elevator  operation  and  for  heating. 
By  the  elimination  of  deep  girders  and  beams,  the  lighting  of  the 
rooms  is  greatly  improved  and,  therefore,  there  is  a  saving  in  the 
cost  of  illumination.  These  benefits  are  also  obtained  by  other  forms 
of  flat  ceiling  construction,  but  two  marked  advantages  of  this  con- 
struction over  other  designs  are  : 

(1)  That  the  stresses  due  to  the  weight  of  the  structure  itself,  as 
well  as  loads  to  be  carried,  are  determinate  and  therefore,  designs  for 
this  construction  can  be  made  with  the  same  assurance  as  to  their 
strength  that  is  demanded  for  designs  of  railroad  bridges  and  similar 
structures. 

(2)  By  paneling  the  ceiling  and  thus  making  the  slab  thinner  in 
the  middle,  the  amount  of  concrete  and  consequently  the  weight  of 
the  structure  to  be  carried  by  the  columns  is  greatly  reduced.  In  the 
case  of  the  Studebaker  Building,  the  reduction  in  the  dead  weight 
amounts  to  over  3,500,000  pounds. 

These  several  advantages  are  gained  without  sacrificing  archi- 
tectural appearance,  for  the  architectural  effect  of  this  construction 
is  pleasing,  presenting  a  happy  combination  of  the  lines  of  strength 
and  beauty. 

APPENDIX. 

Of  the  "seven  types  of  reinforced  concrete  construction"  outlined 
at  the  beginning  of  this  paper,  the  first  five  are  each  illustrated  by  the 
following  examples  selected  from  structures  designed  in  the  writer's 
office. 

The  first  of  the  seven  types  of  reinforced  concrete  construction 
referred  to,  that  is,  "slabs  on  steel  joists  and  beams,"  is  illustrated 
by  the  floor  construction  designed  for  the  Heath  &  Milligan  Mfg. 
Co.'s  building,  and  is  shown  in  Fig.  1. 

The  second  type,  "reinforced  concrete  slabs  and  beams  carried 
by  steel  girders,"  is  illustrated  by  the  construction  of  the  reinforced 
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Fig.    19. — Cross-Section,    Plan    and    Formwork    for    a    Typical    Panel    of    the 
Paneled  Slab  Design  for  the  Stndebaker  Building,  as  Built. 
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Fig.   20. — Cross-Section,    Plan   and   Formwork   for  a   Typical    Panel   of   the 
Girder,  Beam  and  Slab  Design  for  the  Studebaker  Building 

(Not  Built). 
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concrete  roofs  over  filter  beds,  designed  for  the  Indianapolis  Water 
Co.  and  shown  in  Fig.  2,  Fig.  23,  Fig.  24  and  Fig.  25.  Here  steel 
girders  were  used  so  that  the  forms  for  the  concrete  might  be  sus- 
pended from  the  girders  instead  of  being  supported  underneath.  In 
passing,  it  may  be  of  interest  to  mention  that  the  steel  girders  are 
each  200  feet  long,  resting  upon  eleven  supports  spaced  20  feet  apart, 
being  18  inch  I  beams  spliced  with  15  inch  channels.  These  I  beams 
were  furnished  in  long  lengths  and  spliced  at  the  quarter  points  of 
the  span  instead  of  at  the  columns,  as  shown  in  Fig.  23,  as  it  was 


'•Sax  fit ?7i/ie:4~ 
i-o  ,i  ffiitA . 


Fig.  21. — Typical  "Gray"  Steel  Column  Sections  for  the  Studebaker  Building. 

important  that  they  act  as  continuous  girders.  The  reinforced  con- 
crete joists  or  beams  were  each  350  feet  long  and  also  continuous 
over  19  supports,  the  spans  being  a  little  less  than  20  feet  each.  They 
were  reinforced  for  tension  over  the  supports  as  well  as  for  tension 
between  the  supports,  as  clearly  shown  in  Fig.  24.  Likewise,  the  roof 
slab,  which  was  but  three  inches  thick,  was  reinforced  for  tension 
over  its  supports  as  well  as  between  the  supports,  by  bending  the 
reinforcing  rods  as  shown  in  Fig.  24.     Each  of  these  roofs  was  200 
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Fig.   22. — Erecting   Steel   Columns    for   Fifth   and    Sixth   Stories,   Studebaker 

Building. 

ft.  wide  by  350  ft.  long,  covering  approximately  1  2/3  acres.  No 
expansion  joints  were  provided  in  these  surfaces  nor  was  any  water- 
proofing used.  Gravel  concrete  of  a  1 :2  4  mix  was  used.  Each 
roof  drains  toward  one  end  and  is  covered  with  two  feet  of  cinders. 
After  a  heavy  storm,  water  runs  through  the  drains  for  two  or  three 
days,  nevertheless  the  roofs  do  not  leak.  The  cost  was  much  less 
than  that  of  many  other  reinforced  concrete  roofs  designed  for 
similar  purposes,  being  under  40  cents  per  square  foot  of  roof  sur- 
face, including  the  steel  girders  and  iron  columns  supporting  the 
same. 

The   third   type,    namely,   "long   span   slabs   supported   on   steel 
girders,"  is  illustrated  by  the  reinforced  concrete  construction  of 


Fig.  23. — Columns,  Girders  and  Partition  Wall. 
Roofs  Over  Filter  Beds  of  the  Indianapolis   (Ind.)  Water  Company. 
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roofs  designed  for  the  Chicago  City  Railway  Co.,  one  of  which 
is  shown  in  Fig.  3,  Fig.  26  and  Fig.  27.  In  this  case  the  roof  consists 
of  a  reinforced  concrete  slab  4^  in.  thick  spanning  16  ft.  between 
supports,  these  supports  being  riveted  steel  trusses  having  a  span 
of  56  ft.  between  walls.  Later  two  more  roofs  were  built  with  rein- 
forced concrete  girders  substituted  in  place  of  the  steel  trusses.    No 


Fig.    24.— Reinforcement    for    Beams    and    Slab. 

waterproof  covering  or  waterproofing  compound  was  used  but  the 
reinforcement  is  so  placed,  as  to  take  care  of  all  tension  stresses 
due  to  loads  and  to  temperature  changes,  hence,  no  cracks  have  devel- 
oped which  let  water  through.  Over  twenty  acres  of  these  roofs 
are  now  in  service  and  giving  excellent  results.  The  roof  shown 
is  over  500  ft.  long  and  nearly  400  ft.  wide,  covering  over  four  acres 
and  is  built  without  expansion  joints  in  its  surface.  This  is  also  true 
of  the  other  three.  Our  success  with  the  Indianapolis  roofs,  led  us 
to  design  the  first  two  of  these  roofs  for  the  Chicago  City  Railway 
Co.  In  the  two  later  roofs,  some  modifications  were  made  in  the 
arrangement  of  the  reinforcing  bars,  especially  in  that  some  of  the 
bars  in  the  upper  face  were  made  to  run  the  entire  length  of  the 


25. — Interior    After    Completion. 
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panels  instead  of  extending  only  a  quarter  of  the  panel  length  each 
side  of  the  supports. 

Where  the  length  of  a  span  is  so  great  that  a  slab  of  sufficient 
strength  to  carry  the  load  becomes  too  heavy,  it  has  usually  been 
found  better  to  use  subdivided  panels,  with  reinforced  concrete 
beams  and  girders  as  well  as  slabs.  This  is  the  "fourth  type"  re- 
ferred to  and  is  illustrated  in  the  reinforced  concrete  construction 
designed  for  the  Advanced  Thresher  Co.'s  Building  at  Kansas  City, 
Mo.,  shown  in  Fig.  4  and  Fig.  28.       In  this  building  the  girders 


Fig.  26. — Reinforcement  in  Place  on  Car  Barn  Roof,  Chicago  City  Railway 

Company. 

have  a  span  of  24  ft.  between  columns  while  the  beams  have  a  span 
of  18  ft.  between  girders  and  the  floor  slab  a  span  of  8  ft.  between 
beams.  The  floor  slab  is  4  in.  thick,  the  beams  are  21  in.  deep  below 
the  slab  and  the  girders  27  in.  deep  below  the  slab,  therefore,  the 
total  depth  of  the  floor  is  2  ft.  7  in.  These  floors  were  designed  for  a 
live  load  of  250  lb.  per  sq.  ft.  and  are  subjected  to  heavy  concentrated 
loads  from  traction  engines  carried  in  stock. 

A  typical  example  of  the  "fifth  type"  of  reinforced  concrete  build- 
ing construction,  in  which  the  floor  consists  of  slabs,  supported  by 
girders  running  in  one  direction  only,  is  illustrated  in  the  reinforced 
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concrete  construction  designed  for  the  eight  story  Manufacturers' 
Furniture  Exchange  Building  in  this  city,  shown  in  Fig  5,  Fig. 
29  and  Fig.  30.  In  this  building  the  slabs  have  a  span  of  14  ft. 
between  girders  and  the  girders  have  a  span  of  approximately  18  ft. 
between  the  columns.  The  construction  is  clearly  indicated  by  the 
drawing,  the  slabs  exclusive  of  the  top  finish  being  $y2  in.  thick  for 
the  first  floor  and  4^  in.  thick  for  the  remaining  floors.  The 
girders  being  1  ft.  5  in.  deep  for  the  first  floor  and  1  ft.  1  in.  deep 
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for  the  remaining  floors,  measured  under  the  slabs,  making  the  total 
thickness  of  these  floors,  including  the  top  finish  I  ft.  1 1 34  in-  f°r 
the  first  floor  and  i   ft.  6%  in.  for  the  other  floors.     The  columns 


i 


sect /on 

*/  Reinforcement  Jor 

Fig.    28. — Typical    Details   of   the    Reinforced    Concrete    Construction    of    the 
Advance  Thresher  Company  Building. 

in  this  building  were  of  concrete,  reinforced  with  four  angles  latticed 
and  were  riveted  together  at  their  splices,  permitting  several  stories 
of  formwork  to  be  carried  on  the  columns  ahead  of  the  floor  con- 
struction. 

Discussion. 

The  Chair\  The  subject  of  reinforced  concrete  is  always  one  of 
great  interest  both  in  the  general  types  in  which  it  is  carried  on  and 
in  the  special  details  of  reinforcing  bars,  and  so  forth.  It  has  been 
a  subject  of  endless  discussion  and  endless  diversity  of  opinion 
among  engineers.     We  have  not  had  a  meeting  on  the  subject  of 
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Fig.  29. — Typical   Details   of  the   Reinforced   Concrete    Construction   of  the 
Manufacturers'  Furniture  Exchange  Building,  Chicago. 


Fig>  30. — First  Floor  and  Column  Reinforcement  of  the   Manufacturers' 
Furniture  Exchange  Building. 
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reinforced  concrete  for  a  long  time,  and  so  I  think  it  is  certainly  in 
order  that  was  should  have  it  at  this  time.  Mr.  Condron  has  cer- 
tainly developed  a  very  interesting  type  of  construction. 

Mr.  F.  E.  Davidson,  m.w.s.e:  I  have  listened  with  a  good  deal  of 
satisfaction  to  Mr.  Condron's  paper,  and  I  will  say  that  I  have 
watched  the  construction  of  the  building  with  a  great  deal  of  interest. 
Sometime  early  last  spring  Mr.  Condron  very  kindly  invited  me  to 
look  over  the  general  drawings  for  this  building,  and  I  think  I  told 
him  then,  that  he  had  done  something  that  all  engineers  who  were 
using  reinforced  concrete  would  be  very  much  interested  in ;  that  he 
had  developed  a  system  of  reinforced  concrete  for  a  flat  slab  con- 
struction which  could  be  figured.  That  is  one  objection  to  such 
systems  as  Turner's  where  it  is  impossible  to  theoretically  figure  the 
strength  of  the  slab.  In  the  system  that  Mr.  Condron  has  designed, 
as  he  has  stated,  the  strains  can  all  be  determined  just  as  accurately 
as  they  can  in  a  structural  steel  design.  One  thing  that  I  like  about 
this  design — and  it  is  a  point  that  Mr.  Condron  did  not  dwell  on 
very  much — that  is,  the  cheapening  very  materially  of  the  cost  of 
the  installation  of  sprinkler  equipment.  Another  point :  it  certainly 
makes  a  better  lighted  building  and  a  better  appearing  building  than 
the  ordinary  system  of  joists  and  girders. 

I  would  like  to  ask  Mr.  Condron  if  he  can  give  us  any  data  as  to 
the  probable  cost  of  this  type  of  construction  as  compared  to  some 
other  well  known  buildings  which  have  been  constructed  of  rein- 
forced concrete.  I  would  also  like  to  ask  as  to  the  character  of  the 
enclosures  around  the  elevator  and  stair  walls  and  how  those  loads 
are  carried.  Are  they  simply  light  curtain  walls  or  what  is  the 
method  of  enclosing  elevator  and  stairways  or  are  they  enclosed 
at  all? 

Mr.  W.  A.  Hoyt,  m.w.s.e:  I  regret  that  I  had  not  an  opportunity 
to  prepare  for  this  discussion.  It  is  certainly  very  interesting,  but  I 
was  quite  surprised  when  Mr.  Condron  stated  that  the  amount  of 
steel  required  for  the  panel  type  was  less  than  that  for  the  joist  and 
girder  type.  That  is  quite  contrary  to  many  designs,  and  is  some- 
what contrary  to  my  opinion.  I  wish  to  ask  if  he  could  give  the 
exact  tonnage  of  steel  required  for  each  floor  or  for  the  total  build- 
ing, so  that  we  may  compare  the  amount  of  steel  for  the  two  types. 
It  has  sometimes  seemed  to  me  that  there  is  too  much  stress  or  effort 
put  forth  to  get  this  flat  slab  floor.  It  has,  of  course,  a  great  many 
advantages,  but  it  has  seemed  to  me  that  those  advantages  have  been 
sometimes  rather  over-estimated.  Of  course  it  makes  a  lighter 
building,  but,  as  has  been  shown  in  a  recent  publication,  claiming 
that  the  light  was  greatly  obstructed  by  the  beams,  I  think  perhaps 
that  it  is  somewhat  overdrawn,  for,  in  fact,  the  greater  portion  of  the 
light  comes  in  on  a  downward  incline.  Also,  that  perhaps  in  many 
classes  of  buildings  it  is  the  desire  to  have  a  plastered  ceiling.  Con- 
tractors do  not  always  get  perfect  work  and  their  ceilings  are  not 
always  as  sightly  as  they  might  be,  and  in  certain  factory  buildings 
it  is  quite  desirable  to  have  the  ceiling  plastered.     In  that  event  it 
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seems  to  me  that  using  the  beam  and  joist  type  and  plastering  the 
ceiling  gives  a  desirable  ceiling,  and  desirable  light.  It  gives,  per- 
haps, under  some  conditions,  a  cheaper  floor.  Of  course  that  de- 
pends largely  on  the  contractor's  equipment,  his  outfit,  how  extensive 
his  work  is,  how  frequently  he  can  work  his  lumber  over  and  all 
that  sort  of  thing,  as  the  salvage  value  of  his  lumber  for  his  forms, 
etc.  While  my  experience  is  somewhat  limited,  I  like  to  save  as 
much  as  possible  at  the  start,  and  if  I  can,  to  economize  in  the  forms, 
regardless  of  the  salvage  value.  While  that  is  worth  something,  of 
course,  yet  it  is  something  that  can  not  be  of  great  value. 

I  would  like  to  ask  Mr.  Condron,  what  is  a  little  apart  from  this 
discussion,  his  experience  in  putting  on  the  finished  floor,  whether 
he  gets  better  results  by  leaving  this  finish  and  putting  it  on  after 
the  floor  has  been  finally  cleared  out,  notwithstanding  that  it  takes 
more  material. 

Mr.  E.  L.  Jones,  Jun.,  m.w.s.e:  I  would  like  to  ask  the  method  of 
figuring  the  load  at  the  edge  of  these  wide  beams,  whether  the  de- 
flection would  not  cause  some  difficulty  in  figuring  the  load  on  a 
wide  beam. 

Mr.  E.  McCullough,  m.w.s.e.  :  Mr.  Condron  speaks  of  the  inter- 
secting slabs  and  of  course  departs  somewhat  from  the  accepted 
nomenclature  in  calling  them  intersecting  slabs  when  we  would  most 
of  us  be  inclined  to  call  them  shallow  beams ;  and  in  a  conversation 
with  Mr.  Condron  to-day,  he  stated  that  that  was  all  right,  because  a 
slab  was  simply  a  beam  that  was  wider  than  it  was  deep  and  that 
simplifies  the  whole  thing.  I  wish  he  had  used  the  expression  shal- 
low beam  or  shallow  girders  in  speaking  of  his  floor,  and  then  it 
might  have  been  a  little  bit  easier  to  have  followed  him,  and  then 
reserved  the  term  slab  for  that  interior  panel  section. 

t  believe  quite  a  service  has  been  done  the  profession  in  getting 
out  a  flat  plate  floor  that  permits  of  exact  analysis.  It  is  simply  an 
extension  of  the  beam  and  girder  system  of  constructing  reinforced 
concrete  floors,  because  he  uses  wide  shallow  beams,  and  the  broad 
panel  surface  is  certainly  pleasing  and  something  that  all  owners 
want.  I  have  found  in  the  majority  of  cases  that  the  claim  is  made 
by  Mr.  Turner  and  others  who  are  advocating  these  mushroom 
floor  systems  that  the  owners  are  very  anxious  to  get  floors  without 
beams  and  girders.  The  advantages  that  are  claimed  for  them  have 
been  set  out  pretty  well  by  Mr.  Condron.  In  the  first  place,  you  save 
in  the  total  height  of  the  building.  That  means  something  in  the 
cost  of  construction,  because  there  is  some  saving  in  the  lifting  of  a 
great  deal  of  material  for  the  upper  floors.  The  saving  increases 
as  the  height  of  the  building  increases.  We  get  a  great  deal  better 
lighting  effects.  The  permanent  cost  of  lighting  is  reduced.  There 
is  less  surface  to  collect  dust ;  therefore  it  is  easier  to  keep  the  build- 
ing clean.  The  ventilation  of  the  building  can  be  decidedly  improved 
and  there  is  a  constant  annual  saving  in  the  expense  of  heating.  I 
believe  that  a  flat  plate  floor  has  so  many  advantages  that  the  owners 
of  buildings  will  seek  more  and  more  to  obtain  them.     An  obstacle 
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in  the  way,  heretofore,  of  a  more  rapid  introduction  of  such  systems 
of  building  reinforced  concrete  has  been  the  fact  that  the  system  so 
far  used  has  been  patented.  I  refer,  of  course,  to  the  Turner  mush- 
room floor. 

Mr.  Condron :  I  do  not  understand  that  a  patent  has  been  issued 
for  that  construction. 

Mr.  McCullough :  Well,  then,  of  course  we  are  better  off.  The 
patent,  I  believe,  is  in  the  spreading  head  or  column,  but  it  is  claimed 
to  be  patented,  and  it  does  not  permit  of  exact  analysis.  Mr.  Turner 
has  lately  produced  a  book,  in  which  he  shows  that  he  has  developed 
his  system  through  a  series  of  tests.  Of  course  we  all  know  that 
when  we  take  a  beam  that  has  a  great  width  in  proportion  to  its 
depth  that  the  deflection  is  a  very  important  matter,  and  the  most 
economical  proportion  of  the  beam  in  the  reinforced  concrete  has 
generally  been  to  get  a  width  between  two-thirds  and  three-fourths 
the  depth,  which  has  been  about  the  stiffest  and  most  economical 
beam  we  can  get,  and  if  you  get,  as  in  the  case  of  Mr.  Condron  here, 
a  beam  that  is  about  five  or  six  times  as  wide  as  deep,     *     *     * 

Mr.  Condron :     Six  feet  wide  and  a  foot  deep. 

Mr.  McCullough :  Six  times  as  wide  as  deep,  the  deflection  is 
quite  an  important  matter,  but  at  the  same  time  it  is  something  that 
permits  of  analysis  and  you  can  design  those  beams  to  take  care  of 
whatever  deflection  may  be  caused  by  putting  that  intermediate  panel 
slab  on  the  edges  of  the  supporting  slabs.  I  think  the  advantages 
of  the  girderless  floor  have  been  so  well  appreciated  by  the  people 
who  have  been  putting  up  these  buildings  that  the  principal  thing  in 
this  paper  is  the  fact  that  Mr.  Condron  and  Mr.  Sinks  have  given  us 
something  we  can  figure.  Mr.  Turner,  it  must  be  said,  has  been 
extremely  fortunate  in  all  the  buildings  that  he  has  erected  over  the 
country,  and  if  the  men  who  have  followed  his  lead  and  tried  to 
produce  floors  that  were  just  as  good  or  exactly  the  same  as  his 
have  not  always  been  so  fortunate ;  it  may  have  been,  perhaps,  from 
a  little  too  great  anxiety  to  secure  a  contract  and  cut  upon  the  ma- 
terial. We  do  not  know  what  the  real  reason  is,  but  we  do  know 
Mr.  Turner  has  made  tests  that  enable  him  to  design  safely,  at  any 
rate.  The  dead  load  is  considerable.  I  made  this  afternoon  some 
figures  for  my  own  satisfaction  on  a  building  that  I  know  has  been 
put  up  by  the  other  system,  and  then  figured  it  out  according  to  Mr. 
Condron's  plan,  and  know  that  the  dead  load  can  be  and  is  consider- 
ably reduced. 

Mr.  A.  W.  Woodman,  m.w.s.e  :  It  certainly  has  been  very  interest- 
ing to  notice  the  seven  steps  by  which  Mr.  Condron  has  arrived  at 
what  his  firm  believes  to  be  more  or  less  of  an  ideal  design,  which 
was  forecast,  of  course,  in  the  sixth  step,  or  the  floor  which  was 
installed  in  the  fertilizer  plant  at  Hammond.  It  would  appear  from 
the  views  shown  upon  the  screen  that  the  only  difference  between 
that  sixth  step  and  the  accepted  design  for  the  Studebaker  Building, 
was  the  fact  that  the  central  portion  of  the  panel  was  not  recessed 
*nd  that  consequently  the  reinforcing  material  in  the  center  portion 
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of  the  span  was  probably  allowed  to  be  lighter  than  was  the  case  with 
the  Studebaker  Building.  The  most  important  thing  of  all,  I  think, 
is  the  fact  that  they  are  seeking  to  reduce  the  methods  of  computation 
to  a  more  exact  science  than  these  have  been  in  the  past.  There  has 
been  from  the  very  beginning  so  much  mystery  in  reinforced  con- 
crete and  there  has  been  so  much  made  of  the  mysterious  part  of  the 
thing  in  a  commercial  way,  that  in  some  places  the  use  of  the 
material  has  fallen  into  disrepute  because  of  being  exploited  by 
people  who  were  not  strictly  honorable.  If  the  design  which  Mr. 
Condron  has  shown  to-night  could  be  spread  broadcast  and  if  it 
could  be  made  perfectly  clear  that  the  methods  of  designing  are  pre- 
cise and  accurate,  there  is  little  doubt  but  that  the  use  of  flat  ceilings, 
at  any  rate  as  he  has  shown  them,  would  become  very  general.  I 
think  the  best  part  of  this  paper  probably  will  be  a  reply  which  Mr. 
Condron  may  be  asked  to  make  to  the  discussion  to-night  in  the 
shape  of  giving  us  a  little  more  exact  details  as  to  how  his  computa- 
tions have  been  made.  For  instance,  I  think  it  would  be  very  im- 
portant for  us  to  know  how  he  provides  for  uniform  distribution  of 
load  through  his  very  wide  girders,  as  his  intersecting  slabs  are, 
of  course,  nothing  but  girders.  It  would  also  be  interesting  to  know 
how  he  arranges  for  the  distribution  of  the  stresses  through  the 
central  panel,  and  I  trust  that  he  will  take  pains  to  give  us  an  answer 
in  the  discussion  this  evening,  along  these  lines. 

The  Chair :  One  feature  of  Mr.  Condron's  construction  that  com- 
mends itself  most  strongly  to  the  owner  and  to  the  engineer  in 
general  practice,  is  the  fact  that  the  hideous  outlines  of  most  rein- 
forced concrete  structures  have  been  eliminated.  In  place  of  that, 
we  have  a  building  uniform  and  neat  in  appearance  on  the  inside ; 
one  that  offers  no  obstruction  to  light  in  any  direction,  and  in  which 
you  can  obtain  a  clear,  uninterrupted  floor  and  ceiling  without  un- 
sightly obstructions.  This  is  an  advantage  we  are  coming  to  appre- 
ciate in  this  country  more  than  we  used  to.  Our  neighbors  in  foreign 
lands  realized  this  long  before  we  did,  and  I  think  that  those  who 
have  studied  concrete  construction  abroad  know  that  we  are  only 
beginning  to  build  in  concrete  as  we  should.  We  are  only  beginning 
to  make  structures  which  are  artistic,  neat  and  appropriate  in  their 
outlines.  This  is  natural,  I  think,  because  the  first  consideration  has 
always  been  strength  and  we  have  been  groping  somewhat  in  the 
dark,  and,  as  Mr.  Woodman  has  said,  the  various  patented  forms  of 
construction  have  been  exploited  one  after  another,  each  one  with  its 
secrets  and  its  claims  and  without  any  intelligent  method  of  calcula- 
tion. 

Mr.  Davidson :  About  one  year  ago  last  June  I  was  invited  by  a 
contractor  to  examine  the  construction  of  a  reinforced  concrete  build- 
ing which  was  being  put  up  on  Green  Street,  near  Lake.  The  sys- 
tem of  reinforcement  used  at  that  time  was  almost  identical  with  the 
reinforcement  Mr.  Condron  has  shown,  except  they  had  no  beams  or 
girders  at  all ;  they  simply  used  a  flat  slab  continuous  from  one  side 
of  the  building  to  the  other,  but  they  put  in  an  extra  amount  of 
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reinforcement  over  a  space  of  about  four  feet.  I  shall  be  very  glad 
to  tell  Mr.  Condron  about  it,  who  the  engineer  and  the  architect 
were,  etc.  I  can  not  remember  the  names  now.  I  was  very  much 
interested  in  it  at  the  time  and  had  some  talk  with  the  designer.  I 
don't  know  how  he  figured  it,  but  when  the  building  was  put  up 
they  tested  it  and  I  know  it  stood  about  three  times  the  allowable 
load.  I  was  there  when  the  slab  was  tested.  While  the  system  had 
not  been  worked  out  as  completely  as  Mr.  Condron  has  worked  his 
out,  the  reinforcement  was  laid  very  similarly  to  the  way  that  has 
been  shown  by  Mr.  Condron. 

There  is  one  point  I  would  like  to  call  to  the  attention  of  Mr. 
Condron  and  the  other  engineers,  that  I  have  done  much  thinking 
about  and  have  been  very  much  in  doubt  about,  and  I  should  be  very 
glad  of  any  assistance  from  any  of  the  engineers  as  to  how  to  figure 
or  arrive  at  the  depreciation  rate  on  a  reinforced  concrete  building. 
That  is  a  question  I  am  asked  a  great  many  times  by  owners  as  to 
why  it  would  pay  them  to  construct  a  reinforced  concrete  building 
over  the  old  steel  work  with  the  hollow  tile  or  even  the  old  mill 
construction  building.  We  know  there  is  a  certain  salvage  of  steel 
and  brick  work ;  at  least  a  mill  construction  warehouse  will  pay  for 
tearing  down.  Suppose  it  becomes  necessary  to  remove  a  concrete 
building.  What  is  it  going  to  cost?  In  other  words,  should  not  a 
depreciation  rate  be  fixed  and  added  up  to  the  building  every  year 
to  an  estimated  cost  of  removing  a  building,  say  in  fifty  years? 

There  is  another  point  that  I  would  like  some  assistance  on,  and 
that  is  some  argument  to  try  to  convince  a  client  that  he  should  put 
up  a  fireproof  building.  You  must  remember  that  the  mutual  in- 
surance companies  will  give  exactly  the  same  insurance  rate  on  a 
modern  mill  construction  building,  with  sprinkler  equipment,  that 
they  will  on  a  fireproof  building.  The  argument  comes  to  me: 
Why  should  we  go  to  concrete  or  steel  and  tile  when  we  get  the  same 
insurance  rate  on  a  mill  construction  building  which  costs  much  less  ? 

These  points  may  be  a  little  beyond  the  discussion,  but  I  would 
like  to  get  some  light  on  them. 

The  Chair:  What  was  the  distance  between  the  columns  in  the 
building  you  just  referred  to? 

Mr.  Davidson :  As  I  remember  it,  it  was  about  18  ft.  6  in.  center 
to  center,  each  way. 

The  Chair:  Much  less  than  in  the  construction  presented  by  Mr. 
Condron. 

Mr.  Davidson :  Very  much  less  than  this  long  span ;  but  it  is  of 
particular  interest  in  forming  the  reinforced  beams.  The  bars  were 
arranged  over  a  space  of  about  four  feet. 

The  Chair :  In  regard  to  the  fire  risk  and  the  rate  of  insurance  on 
a  fireproof  building  as  compared  with  a  mill  construction  building,  I 
might  say  that  I  have  heard  the  same  arguments  in  regard  to  steel 
construction,  and  I  have  always  answered  them  by  saying  that  you 
can  seldom  afford  to  burn  up  for  your  insurance.  Any  going  con- 
cern has  a  great  deal  more  than  its  visible  assets  in  its  business,  and 
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no  insurance  can  be  written  on  its  profits  or  good  will.  I  think,  in 
most  cases  at  least,  that  this  argument  is  enough  to  convince  a  man 
that  it  is  best  to  use  fireproof  construction. 

Mr.  D.  B.  Lutin,  m.w.s.e:  The  most  striking  thing  about  the 
views  Mr.  Condron  has  shown  is  the  gradual  development  from  the 
older  type  of  beam  construction  to  the  flat  ceiling  with  expanded 
column  heads.  I  believe  I  am  correct  in  saying  that  no  man  deserves 
more  credit  for  developing  that  system  than  Mr.  Turner  of  Minneap- 
olis. Mr.  Turner  has  worked  consistently  to  the  expanded  column 
head  and  the  flat  slab,  regardless  of  obstacles.  He  may  not  have 
been  able  to  compute  his  slabs  effectively ;  he  has  had  all  kinds  of 
obstacles  in  his  way ;  nevertheless,  he  has  taken  the  consistent  atti- 
tude of  the  commercial  engineer  and  has  designed  and  built  what 
the  people  wanted.  It  seems  to  me  that  that  is  what  the  successful 
engineer  must  always  do.  He  must  furnish  the  salesman  what  the 
salesman  can  sell  to  his  customer,  and  this  Mr.  Turner  has  done. 
Great  credit,  of  course,  is  due  to  any  engineer  who  shows  a  method 
of  figuring  such  a  system.  But  the  reason  that  Mr.  Turner  stuck 
consistently  to  that  attitude  is  undoubtedly  because  he  owned  patents, 
and  it  seems  to  me  that  that  contradicts  the  statement  of  Mr.  Mc- 
Cullough  as  to  the  effect  of  patents  in  developing  reinforced  concrete 
in  the  building  industry.  When  Congress  passed  laws  under  which 
the  Patent  Office  operates  it  had  in  mind  the  development  of  the 
various  industries  on  which  patents  would  be  taken.  Could  it  have 
been  mistaken  in  assuming  that  patent  protection  would  develop  an 
industry? 

One  thing  that  is  hardly  clear  to  me  in  the  comparison  between 
the  system  Mr.  Condron  has  illustrated  and  that  of  Mr.  Turner  is 
as  to  why  one  can  not  be  computed  mathematically  and  the  other  can. 
The  system  which  Mr.  Condron  has  shown  has  developed  from  the 
slab  and  beam  systems  which  we  do  know  how  to  compute,  but  the 
wide  flat,  shallow  beams,  have  extremely  eccentric  loadings,  which  is 
exactly  the  difficulty  in  the  Turner  system.  It  is  due  largely  to  the 
eccentricity  of  loadings  that  the  computation  of  that  system  is  so 
difficult,  and  it  would  interest  me  greatly  if  Mr.  Condron  could  give 
us  some  additional  details  as  to  the  exact  difference  between  the  two 
systems  in  methods  of  compntion.  If  the  loads  are  carried  to  the 
columns  in  two  directions  at  right  angles  to  each  other  and  in  that 
way  can  be  computed,  could  not  that  panel,  or  slab,  then,  be  turned 
through  forty-five  degrees  so  that  the  lines  of  reinforcement  and 
stress  run  directly  to  the  column  and  thus  assure  us  that  the  slab 
would  have  exactly  the  same  strength  as  the  other  system  ?  In  other 
words,  if  Mr.  Condron's  method  of  construction  is  analyzable,  does 
not  that  at  once  give  a  solution  to  Mr.  Turner's  system. 

Mr.  Woodman  :  Mr.  Chairman,  I  think  that  can  be  answered  right 
here.  While  I  am  not  very  conversant  with  the  details  of  the  Turner 
system,  it  is  mv  recollection  of  it  that  the  girders  that  are  within  the 
slab  are  diagonal,  running  from  column  to  column  crossing  diagonally 
the  square  or  the  rectangle.     That  being  the  case,  there  are  two 
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girders  which  are  intersecting  at  the  center,  and  there  is  therefore  an 
indeterminancy  which  it  is  impossible  to  clear  up,  simply  due  to  work- 
manship, if  nothing  else. 

^  Mr.  IV.  H.  Finley,  m.w.s.e:  I  was  very  much  interested  in  Mr. 
Condron's  paper,  particularly  the  way  in  which  he  showed  the  change 
from  the  beam  and  girder  type  to  the  flat  construction  and  the  illus- 
tration of  what  I  would  call,  for  want  of  a  better  name,  a  cantilever 
slab  construction.  There  is  no  doubt  in  my  mind  that  the  type  of 
construction  illustrated  by  Mr.  Condron  admits  probably  of  a  more 
accurate  determination  of  the  stresses  in  same,  than  the  mushroom 
type  that  has  been  spoken  of.  There  is  no  doubt  in  my  mind,  how- 
ever, that  Mr.  Turner's  mushroom  type  of  construction  can  be  made 
entirely  adequate  for  all  conditions  and  probably  fairly  economical, 
but  there  is  no  question,  in  my  opinion,  that  it  is  absolutely  impossible 
to  make  any  theoretical  analysis  of  the  stresses  in  such  construction. 
I  believe,  however,  that  it  is  possible  to  do  so  in  the  type  illustrated 
by  Mr.  Condron. 

I  believe  that  we  shall  be  safer  in  reinforced  concrete  construction 
the  closer  we  keep  to  types  that  can  be  analyzed  on  some  rational 
basis. 

Mr.  McCullough :  I  had  no  intention  to  have  my  remarks  con- 
strued as  belittling  in  any  way  Mr.  Turner's  system,  because  I  took 
occasion  to  remark  that  Mr.  Turner  had  been  very  successful  and 
has  been  very  careful  and  conservative.  But  the  fact  remains  that  he 
has  a  system  which  at  present — and  he  admits  it  himself — does  not 
permit  of  exact  analysis. 

I  have  been  waiting  to  hear  somebody  say  something  about  the 
very  direct  method  of  transmitting  stresses  to  the  columns.  That  I 
think  is  a  very  important  feature  in  this  system  of  Messrs.  Condron 
&  Sinks.  It  is  certainly  as  simple  as  anything  we  could  well  conceive 
and  it  does  not  require  a  man  with  any  great  knowledge  of  structural 
mechanics  to  see  that  it  is  all  right.  In  every  system  heretofore, 
that  has  contemplated  a  flat  floor  without  beams  and  girders,  the 
whole  secret  seems  to  have  been  centered  in  the  highly  elaborate 
forming  of  a  head  on  a  column.  Mr.  Martin  of  Messrs.  Schmidt, 
Garden  &  Martin,  architects,  has  designed  a  column  head,  and  got 
patents  for  it  a  year  ago.  I  have  seen  tests  made  on  slabs  designed 
according  to  his  plan.  The  reinforcement  is  rectangular  and  parallel 
with  the  round  columns,  but  it  stops  right  there.  The  thing  is  a  unit, 
the  whole  floor.  Now,  as  Mr.  Condron  very  truly  says,  he  has  these 
intersecting  slabs,  going  over  the  heads  of  the  columns  and  the  in- 
terior panel  can  be  removed  if  necessary.  Openings  can  be  put  in 
anywhere. 

But  the  principal  thing  that  Messrs.  Condron  and  Sinks  should  be 
commended  for  is  that  they  have  at  last  given  engineers  something 
tangible  to  work  on,  something  that  engineers  can  go  to  their  clients 
with  and  tell  them  we  have  at  last  a  floor  of  the  kind  that  is  a  favorite 
with  owners  of  buildings ;  capable  of  exact  calculation,  and  that  can 
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be  checked  by  any  capable  designer  and  can  also  be  tested  and  the 
results  will  be  as  predicted. 

In  regard  to  mill  building  construction,  it  is  a  very  good  idea  that 
a  man  should  not  have  to  burn  up  in  order  to  get  returns  for  his 
insurance ;  but  a  serious  thing  has  been  discovered  in  mill  buildings 
torn  down  lately,  and  that  is  the  development  of  dry  rot.  That  has 
not  been  suspected  before,  but  it  has  been  found  to  be  a  real  danger. 
As  a  consequence  the  New  England  insurance  companies  I  think, 
are  looking  a  little  askance  at  mill  construction.  Insurance  ratings 
vary  in  different  parts  of  the  country.  In  some  parts  of  the  country 
fireproof  buildings  have  a  much  better  rating  than  slow  burning  mill 
construction. 

Mr.  Hoyt :  I  think  there  is  one  point  that  has  not  been  spoken  of 
that  is  quite  an  advantage.  That  is  the  massing  of  steel  over  the 
column  head.  When  you  come  to  putting  the  concrete  in  with  the 
steel  massed  over  the  column,  as  you  have  in  the  Turner  system,  it 
requires  a  great  deal  of  care  to  see  that  you  get  an  accurate,  careful 
combination  of  steel  and  concrete.  Mr.  Condron's  system  spreads 
the  steel  out  more,  and  in  that  respect  I  think  it  is  a  decided  im- 
provement. 

There  is  one  other  thing  in  regard  to  the  matter  of  insurance.  In 
several  instances  I  have  known  of  parties  not  having  their  buildings 
insured  at  all,  when  built  of  reinforced  concrete,  as  they  did  not 
consider  it  necessary  to  insure  the  buildings.  They  insured  the  con- 
tents. But  I  think  in  a  great  many  locations  you  can  get  quite  an 
advantage  in  the  insurance  rate  on  a  concrete  building  over  that  of 
the  wood  building,  mill  construction,  and  I  think  in  a  great  many 
locations  also  you  can  get  quite  a  reduced  rate  on  the  concrete  build- 
ing. A  short  time  ago  an  article  came  out  which  showed  workers  in 
steel  that  they  have  some  questions  to  decide  yet  as  to  the  exact 
figuring  of  steel  construction.  I  could  not  help  thinking  at  the  time, 
and  I  have  thought  it  since  many  times,  that  the  workers  in  concrete 
have  not  had  so  many  odds  to  work  against,  and  they  are  as  capable 
of  determining  their  strains  closely  as  they  are  in  steel  construction. 

Mr.  Davidson :  When  I  spoke  of  securing  the  same  insurance 
rating  on  a  mill  construction  building  as  on  a  concrete  building,  I 
spoke  particularly  upon  the  rating  given  by  the  Mutual  companies. 
The  Chicago  Board  of  Fire  Underwriters  and  the  National  Board 
here  in  Chicago,  recently  reduced  their  rate  on  fireproof  buildings 
about  fifty  per  cent,  and  it  is  true  to-day  that  the  Chicago  Board  of 
Fire  Underwriters  will  give  a  very  decided  advantage  to  the  fire- 
proof over  the  mill  construction,  whether  sprinkled  or  not.  I  had 
reference  strictly  to  the  Mutual  companies. 

There  is  one  question  I  would  like  to  ask  Mr.  Condron.  That  is, 
in  figuring  the  dead  weight  of  this  slab  construction  whether  any 
consideration  is  given  for  the  additional  amount  of  concrete  finish 
which  might  be  calculated  for  wearing  surface :  or  if  any  calculation 
was  made  as  to  the  renewing  of  the  concrete  finish,  say  in  ten,  fifteen 
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or  twenty  years,  when  the  concrete  surface  will  get  worn  off;  or  is 
the  concrete  finish  figured  as  a  part  of  the  slab  itself,  or  is  it  figured 
as  a  separate  proposition  and  can  he  renewed  at  any  time.  It  is 
a  matter  somewhat  in  doubt  in  my  own  mind  as  to  how  properly 
to  figure  those  things. 

Mr.  Coiidron  :  No  test  load  has  been  put  on  this  building  yet,  but 
I  went  down  to  the  building  a  week  or  ten  days  ago  and  as  I  walked 
in  on  the  first  floor  I  saw  an  area  of  about  60  ft.  in  length  by  from 
15  to  18  ft.  in  width,  covered  with  partition  tiles.  These  tiles  are 
12  in.  square,  6  in.  thick,  and  they  were  piled  up  11  and  12  high.  I 
telephoned  to  the  manufacturers  and  learned  that  these  tiles  weighed 
approximately  24  lb.  each.  Therefore,  there  was  a  load  of  from 
264  to  288  lb.  per  sq.  ft.  all  over  that  section  of  the  floor,  that  was 
designed  for  a  100  lb.  working  load.  The  official  test  load  has  not 
been  made,  but  this  load  was  on  for  over  two  weeks  without  causing 
any  sign  of  overstress.  This  has  relieved  my  mind  of  any  anxiety 
T  might  have  had  regarding  the  effect  of  a  test  load. 

Regarding  the  question,  when  is  a  slab  a  girder,  and  when  is  a 
girder  a  slab,  it  seems  to  the  speaker  that  a  slab  spanning  between 
supports,  is  by  common  understanding  a  structural  element,  the 
width  of  which  is  great  as  compared  to  its  depth.  It  is  therefore  a 
wide  shallow  beam.  Hence  he  has  referred  to  "intersecting  slabs" 
in  this  construction  because  these  elements  here  have  a  depth  equal 
to  but  one-sixth  of  their  width,  that  is,  they  are  but  12  in.  deep  and 
over  6  ft.  wide  and  their  clear  span  is  but  three  times  their  width. 

This  construction  would  not  be  possible  with  materials  that  cannot 
be  so  assembled  as  to  provide  continuous  beam  action  over  supports. 
That  is,  it  is  absolutely  essential  that  this  construction  be  in  such 
material  that  tension  is  transmitted  over  the  supports  as  well  as  be- 
tween the  supports.  Otherwise  it  would  not  be  reasonable  to  expect 
a  beam  having  a  depth  of  1/24  of  the  span,  to  carry  the  load  without 
undue  deflection,  but  by  providing  for  continuous  action  over  the 
supports  the  length  of  spans  subject  to  deflection  are  reduced  to  about 
one-half  the  distance  between  supports.  You  will  recognize  at  once 
that  in  reinforced  concrete  we  have  a  material  that  is  cast,  and  that 
has  a  combination  of  resisting  elements  in  both  its  upper  and  lower 
faces. 

Regarding  the  question  as  to  cost  of  construction ;  this  building 
was  let  on  a  lump  sum  contract,  and  the  contractors  have  declined 
to  divulge  the  separate  costs.  But  enough  has  been  said  to  the 
speaker  by  the  contractors  to  indicate  that  this  construction  cost  is 
a  minimum  for  reinforced  concrete.  The  speaker  hopes  to  determine 
from  this  building  something  definite  as  to  the  cost  of  construction. 
As  engineers,  we  can  estimate  the  probable  cost  of  the  materials 
that  go  into  the  structure  and  the  character  of  the  work  that  has  to  be 
done.  It  is  evident  from  the  plans  and  photographs  that  it  is  an 
economical  construction,  but  I  cannot  give  a  definite  answer  as  to  the 
cost  data. 
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With  reference  to  the  question  regarding  enclosures  around  eleva- 
tors, and  other  openings ;  these  are  of  tile. 

With  reference  to  the  weight  of  steel  bars  in  the  building;  that  is 
somewhat  involved  with  stairways,  spandril  girders,  arches  in  the 
front,  and  various  other  miscellaneous  features.  The  total  amounted 
to  approximately  300  tons.  The  weight  of  the  steel  in  the  floor  con- 
struction is  about  5^  lb.  per  sq.  ft.  of  floor  area. 

The  steel  is  a  little  less  in  the  flat  construction  than  in  the  girder 
beam  and  slab  design.  It  would  have  greatly  increased  the  amount 
of  steel  in  the  girder  beam  and  slab  construction  had  the  girders  been 
made  of  less  depth  than  shown,  but  the  reinforcing  was  restricted 
in  the  girders  to  1%  and  in  the  floor  slab  to  0.8%.  The  flat  con- 
struction was  also  limited  to  0.8%  reinforcement  except  in  the  in- 
tersecting slabs,  in  which  1%  was  used. 

The  amount  of  concrete  in  the  girder  and  beam  construction  is 
somewhat  less  than  in  the  flat  construction. 

It  has  been  questioned  if  there  is  not  a  possible  advantage  in 
having  beams  in  the  ceiling  instead  of  having  a  flat  ceiling  because 
sunlight  does  not  come  from  the  ceiling  but  comes  from  somewhere 
else  and  shines  down  on  the  floor.  The  answer  to  this  is,  do  not 
neglect  to  take  into  account  the  great  value  of  reflected  light  from  a 
smooth  ceiling.  That  is  of  very  great  importance,  regardless  of  the 
source  of  light.  A  smooth  ceiling  gives  better  reflected  light  in  any 
room  at  any  time. 

With  reference  to  the  remarks  about  plaster  on  the  concrete.,  the 
speaker  did  not  quite  follow  what  was  meant.  We  see  a  great  many 
examples  now  of  putting  a  thin  coat  of  plaster  directly  on  concrete 
surfaces,  it  is  really  quite  common  practice.  Furring  underneath 
the  beams  and  having  a  false  ceiling,  is  not  necessary  in  this  con- 
struction. 

Salvage  of  lumber  has  been  spoken  of.  Well,  in  any  comparison 
between  the  salvage  of  lumber  in  this  form  of  construction  and  the 
salvage  of  lumber  in  a  construction  requiring  beam  boxes  the  ad- 
vantage will  certainly  be  in  favor  of  flat  construction. 

Regarding  the  question  about  wide  beams  (which  we  do  not  have, 
we  have  slabs)  carrying  their  load  across  their  whole  width;  the 
bars  extending  laterally  across  the  upper  face  of  the  intersecting 
slabs  reinforce  them  against  flexure.  If  they  cannot  bend  crosswise 
because  of  this  reinforcing  they  must  deflect  as  a  unit  and  their  loads 
will  be  distributed  by  shear  across  the  width  of  these  slabs. 

Regarding  details  of  calculation,  the  speaker  did  not  attempt  to  go 
into  these,  not  considering  it  necessary.  He  said  the  entire  design 
met  the  requirements  of  the  Chicago  building  ordinance.  When  one 
describes  a  plate  girder  and  says  it  was  designed  in  accordance  with 
the  specifications  of  the  Maintenance  of  Way  Association,  engineers 
at  once  understand  fully  what  was  done.  There  is  nothing  peculiar 
or  strange  or  involved  in  this.  It  is  an  ordinary  engineering  problem 
of  moments  and  stresses,  and  has  been  calculated  just  as  you  figure 
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any  moments  and  stresses,  with  the  spans  as  they  are  given  and  the 
loads  as  they  are  required  and  the  moments  resulting  from  these. 
The  usual  straight  line  formula  was  used  for  determining  the  sec- 
tions of  concrete  and  steel. 

The  writer  wishes  to  say  a  word  upon  a  delicate  subject;  that  is, 
of  patents.  He  had  a  little  discussion  at  dinner  with  a  mechanical 
engineer  and  a  civil  engineer.  This  question  came  up  and  the  me- 
chanical engineer  said  that  mechanical  engineers  always  take  out  a 
patent  on  an  improved  machine ;  they  are  expected  to  do  so  and  it  is 
not  considered  unprofessional  to  do  so.  If  a  mechanical  engineer 
designs  and  invents  something  that  is  an  improvement  in  the  art,  his 
professional  brethren  expect  him  to  protect  that  by  a  patent,  and 
they  do  not  think  any  the  less  of  him  if  he  does.  But  in  the  civil 
engineering  profession,  that  has  not  been  the  usual  case  and  it  caused 
quite  a  little  thought  and  discussion.  We  believe  we  have  a  very  good 
thing,  and  the  writer  is  more  convinced  of  it  than  ever,  since  hearing 
the  remarks  here  to-night.  If  Mr.  Sinks  has  a  patentable  construc- 
tion the  speaker  wants  him  to  get  it  patented,  because  he  deserves 
whatever  he  is  entitled  to  in  this  particular  case.  The  speaker  gives 
Mr.  Sinks  full  credit  for  this  construction.  It  was  his  conception  and 
his  design  originally.  It  has  been  worked  out  not  only  by  Mr.  Sinks 
but  by  the  speaker  and  by  several  assistants  in  our  office.  We  have 
all  added,  perhaps,  a  little  here  and  there,  but  the  original  conception 
belongs  to  Mr.  Sinks,  and  the  speaker  does  not  believe  it  would  be 
discreditable  to  him  to  patent  it,  if  it  is  possible  for  him  to  do  so. 

A  remark  was  made  about  deflections  in  reinforced  concrete. 
Professor  Talbot  says  that  in  reinforced  concrete  building  con- 
struction, it  is  practically  impossible  to  figure  or  predict  the  deflec- 
tion because  it  becomes  a  very  involved  proposition ;  therefore  while 
you  can  figure  it  theoretically  on  a  single  span,  you  cannot  do  so 
under  the  involved  conditions  in  a  building. 

Mr.  Allen  spoke  about  the  architectural  appearance  of  the  con- 
struction, and  that  recalled  the  fact  that  an  architect  went  to  the 
building  with  the  speaker  recently  and  after  looking  it  over,  ex- 
pressed great  astonishment.  He  said,  "Mr.  Condron,  I  can't  under- 
stand it.  You  say  this  is  an  engineering  problem  and  yet  you  have 
arrived  at  a  beautiful  architectural  efTect."  He  seemed  to  think  an 
engineering  design  ought  to  be  ugly. 

Mr.  Davidson  has  referred  to  the  building  on  Green  Street.  The 
speaker  is  very  familiar  with  its  construction,  having  been  in  the 
building  several  times ;  he  knows  the  designer  and  knows  how  it  was 
built ;  but  don't  know  how  it  was  designed.  There  are  a  number  of 
features  very  different  from  what  has  been  illustrated  here.  That 
building  was  built  six  or  nine  months  after  our  experiments  with  the 
models  described,  so  that  Mr.  Sinks  did  not  get  his  ideas  from  that 
building.  But  the  two  'constructions  are  quite  dissimilar,  although 
there  is  some  similarity  between  them. 

I  was  pleased  that  Mr.  Lutin  rose  in  defense  of  Mr.  Turner.     I 
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think  Mr.  Turner  deserves  a  great  deal  of  credit  for  the  mushroom 
system.  This  paper  was  not  on  the  mushroom  system  and  it  was 
hardly  proper  that  it  should  be  dragged  in.  Mr.  Turner  has  done 
good  work  and  has  certainly  built  buildings  that  have  stood  up.  The 
stresses  in  the  mushroom  floor  system  are  indeterminate,  all  will 
admit  that,  because  they  are  not  only  reinforced  diagonally  from 
column  to  column  but  are  reinforced  longitudinally  and  laterally,  and 
that  gives  over  the  column  heads  from  three  to  six  thicknesses  of 
steel  intersecting  at  that  point.  In  the  center  you  have  at  least  two 
thicknesses  or  more.  In  several  places  three  or  four  thicknesses  of 
steel  intersect  and  you  have  so  many  lines  for  the  stresses  to  follow 
that  it  is  like  a  multiple  intersecting  truss  and  is  indeterminate  for 
that  reason.  If  it  was  simply  the  diagonal  bands  we  could  determine 
the  stresses  perhaps,  but  the  multiplicity  of  the  bands  makes  it  in- 
determinate. Nevertheless  great  strength  can  be  secured  in  that  way, 
and  of  course  if  the  principal  bands  run  diagonally  across,  then  the 
maximum  depth  of  the  floor  should  be  at  the  center  of  the  panel. 

The  Chair :  In  regard  to  the  remarks  of  the  author  of  this  evening 
relative  to  the  patenting  of  his  construction,  I  would  like  to  say  that 
I  sincerely  hope  that  he  will  obtain  a  patent  if  such  protection  is 
possible.  I  do  not  believe  that  it  is  unethical,  I  do  not  believe  that 
any  engineer  would  quarrel  with  him  over  it,  and  I  believe  that  any 
engineer  using  a  type  of  construction  devised  by  another  engineer 
ought  to  be  perfectly  willing  to  pay  or  have  his  client  pay  a  fair 
royalty  for  it.  We  can  only  object  to  the  patentee  who  charges  an 
exorbitant  royalty  and  who  conceals  his  methods  and  the  theory  of 
his  work.  Where  the  matter  is  brought  out  in  a  professional  way  I 
think  that  we  ought  to  agree,  that  the  inventor  of  an  improvement  in 
the  art  is  entitled  to  all  he  gets  out  of  it,  within  reason. 

A  Visitor :  I  want  to  ask  about  this  roof  that  has  no  roof  cover- 
ing other  than  the  concrete.  How  long  has  that  been  there  and  is  he 
wholly  satisfied  with  it  or  whether  he  regards  it  as  still  being  in  the 
experimental  stage. 

Mr.  Condron :  The  roofs  of  the  Indianapolis  Water  Company  are 
at  least  three  years  old.  They  are  not  at  all  in  the  experimental  stage 
but  a  demonstrated  success.  The  roofs  for  the  Chicago  City  Rail- 
way Company,  the  first  of  which  were  built  two  years  ago,  are  like- 
wise a  demonstrated  success.  There  has  been  sent  to  the  subcom- 
mittee on  waterproofing  of  concrete  of  the  Railway  Engineering  and 
Maintenance  of  Way  Association  a  statement  by  one  of  the  engi- 
neers of  the  Chicago  City  Railway,  giving  some  very  interesting 
facts  with  regard  to  their  experience  with  reinforced  concrete  ropfs 
without  any  other  covering  than  the  concrete  itself.  Their  experience 
has  been  very  satisfactory.  That  letter  will  be  published  in  time. 
The  success  is  due  to  a  dense  concrete  and  the  reinforcement  is  so 
distributed,  that  the  structure  is  fully  reinforced  against  tension 
stresses  wherever  they  may  occur,  due  either  to  load  or  to  tempera- 
ture changes.     When  so  designed  and  built,  such  roofs  will  prove 
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water-resisting  for  rain,  though  they  may  not  sustain  a  head  of 
several  feet  of  water  without  leaking.  In  an  area  of  about  four 
acres,  six  or  eight  pin-hole  leakes  were  found,  which  might  cause 
damage  in  a  dry  goods  store  but  do  not  do  much  harm  in  a  car  barn. 

Mr.  Moore:  Mr.  President,  there  is  one  question.  It  is  not  quite 
clear  in  my  mind  with  reference  to  the  comparative  weight  of  steel 
used  in  the  slab  and  beam  construction.  1  understood  Mr.  Condron 
to  say  that  in  the  slab  construction  they  figured  absolutely  it  would 
have  to  be  a  continuous  girder  in  order  to  reduce  the  weight.  I 
would  like  to  ask  if  he  figured  his  beam  construction  under  the  same 
conditions.  I  might  suggest,  in  reference  to  the  term  for  the  slab,  to 
call  it  a  truss  slab. 

Mr.  Condron :  The  arrangement  of  the  reinforcing  in  the  beams 
and  the  slab  has  nothing  unusual  about  it.  It  is  the  common  method 
of  reinforcing  concrete  slabs  and  beams  which  in  all  cases  were 
figured  as  continuous  beams  or  continuous  slabs. 

The  Chair:  What  was  the  minimum  distance  between  the  rein- 
forcing bars  and  the  bottom  surface  of  the  slabs,  for  fireproofing 
or  protection  of  the  steel? 

Mr.  Condron:  The  minimum  protection  under  the  slab  reinforc- 
ment  is  Y^  in.  of  concrete  under  the  round  bars.  Half  of  the  bars 
being  in  a  second  plane  they  have  i1/^  in.  protection.  The  girder  bars 
have  1^2  in.  of  protection.  Concrete  blocks  were  used  for  securing 
the  bars  in  their  position  and  these  blocks  are  left  permanently  in 
the  concrete,  so  that  the  position  of  the  bars  is  quite  fixed  and  there 
is  little  or  no  danger  of  the  bars  getting  down  against  the  forms, 
when  thus  supported. 

Mr.  Hoyt :    How  far  are  the  slab  rods  run  into  the  beam  ? 

Mr.  Condron :  The  rods  of  the  enclosed  slabs  are  carried  at  least 
1 5^  ft.  into  the  intersecting  slab.  It  will  show  on  the  drawing  which 
will  be  reproduced  with  the  paper. 

The  enclosed  slab,  in  the  typical  case,  is  17  ft.  6  in.  square,  and  the 
building  requirements  are  that  the  slab  shall  be  figured  for  the  clear 
span  plus  the  thickness  of  the  slab,  which  would  make  it  18  ft.  o  in. 
The  span  was  figured  as  18  ft.  The  column  heads  are  5  ft.  wide. 
Therefore,  the  intersecting  slabs  have  a  clear  span  of  19  ft.  between 
the  column  heads ;  they  are  1  ft.  thick,  and  according  to  the  building 
requirements,  they  were  figured  for  a  20  ft.  clear  span. 

The  design  was  figured  exactly  and  closely  in  accordance  with 
the  rules  laid  down  by  the  city  building  department;  no  variation 
was  made  from  that  in  the  least,  so  that  it  may  be  checked  by  any 
engineer  who  is  familiar  with  the  rules  adopted  for  building  con- 
struction by  the  building  department  of  the  city. 

The  Chair :  I  want  to  call  attention  to  the  author's  answer  to  my 
question  to  the  effect  that  there  is  from  £4  m-  to  llA  in-  of  concrete 
protection  outside  of  the  steel.  The  comparison  between  fire-proofed 
steel  construction,  and  reinforced  concrete  is  not  really  under  dis- 
cussion this  evening,  but  I  have  understood  that  tests  made  by  the 
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National  Board  of  Fire  Underwriters  and  confirmed  by  observations 
made  on  the  San  Francisco  fire  have  demonstrated  that  94  in.  to  1% 
in.  is  not  sufficient  fireproofing  to  protect  steel,  especially  where  the 
concrete  contains  lime,  which  slacks  off  under  extreme  heat.  In  any 
comparison  between  different  types  of  construction  I  think  this 
feature  should  be  considered. 

I  know  that  it  has  not  been  customary  to  use  more  protection  than 
stated  by  Mr.  Condron,  in  reinforced  concrete  work  of  this  kind,  but 
no  discussion  would  be  complete  without  calling  attention  to  this  most 
important  question. 

Mr.  McCullough :  Mr.  Humphrey,  at  the  last  convention  of  the 
American  Association  of  Cement  Users,  in  their  suggested  building 
code,  said  that  for  ceilings  £4  in.  protection  was  sufficient. 

Mr.  Condron:    That  was  based  upon  tests,  was  it  not? 

Mr.  McCullough:  That  was  on  tests.  For  beams  and  girders 
they  believed  they  should  have  not  less  than  i  to  1%.  in.,  and  on 
columns  2  in.  should  be  required.  I  believe  that  was  the  recom- 
mendation of  the  committee  of  the  National  Association  of  Cement 
Users :  2  in.  for  columns  and  24  in.  for  ceiling. 

A  Visitor:  I  would  like  to  ask  what  quality  of  concrete  cement 
they  use,  what  size,  and  so  forth. 

Mr.  Condron  :  I  avoided  that  feature,  because  I  have  never  listened 
to  a  paper  on  concrete  without  about  two  hours  being  devoted  to 
whether  it  should  be  a  1:2  14  or  1 :2  14^  or  some  other  mixture  of 
concrete.  This  was  1 :2  '.4 — one  part  Portland  cement,  two  parts  of 
torpedo  sand  (and  in  this  case  particularly  good  torpedo  sand),  and 
four  parts  washed  gravel  when  they  could  get  it,  and  when  they  could 
not,  four  parts  of  broken  stone  24-in.  size  and  under. 
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H.  F.  Baldwin,  m.w.s.e. 

Henry  Furlong  Baldwin  died  on  June  17,  1909,  at  Seattle,  Wash- 
ington, of  apoplexy.  He  was  born  in  1862  and  graduated  at  the 
Boston  Institute  of  Technology  in  1884.  Mr.  Baldwin  was  a 
brilliant  engineer  and  was  noted  for  his  wonderful  memory.  Mem- 
bers of  the  Western  Society  of  Engineers  who  came  in  contact  with 
him  knew  him  as  an  enthusiastic  golfer,  and  a  lover  of  keen,  whole- 
some, manly  sports. 

He  was  a  member  of  the  Chicago  Club,  the  Western  Society  of 
Engineers,  the  American  Society  of  Civil  Engineers,  and  numerous 
other  clubs  in  the  various  towns  where  he  held  residence  during 
his  business  life. 

His  first  work  was  on  the  Cincinnati  Division  of  the  Louisville  & 
Nashville  Railroad  from  1884  to  18885.  After  that  for  a  brief 
period,  he  was  Rail  Inspector  at  various  steel  mills.  From  1885  to 
1887  he  was  Supervisor  of  Track  of  the  Knoxville  Branch  of  the 
Louisville  &  Nashville  Railroad,  and  was  Roadmaster  of  the  Pen- 
sacola  &  Atlantic  a  short  time  in  1887.  From  1887  to  1889,  he  was 
Roadmaster  of  the  South  &  North  Alabama  Division  of  the  Louis- 
ville &  Nashville  Railroad.  From  August,  1889  to  March,  1890,  he 
was  Roadmaster  of  the  Delaware  Division  of  the  New  York,  Lake 
Erie  &  Western  Railway.  From  1890  to  1894,  he  was  Chief 
Engineer  of  the  Chicago  &  Eastern  Illinois  Railroad.  During  this 
time  a  large  portion  of  this  road  was  rebuilt,  involving  a  great 
deal  of  heavy  work  in  the  way  of  new  masonry  and  bridge  con- 
struction and  reduction  of  grades,  etc.,  also  the  construction  of 
several  new  branch  lines. 

In  May,  1894,  he  left  the  Chicago  &  Eastern  Illinois  Railroad  to 
become  Chief  Engineer  of  the  Chicago,  Peoria  &  St.  Louis  Rail- 
way Company  of  Illinois  at  Springfield,  which  position  he  held 
until  he  accepted  that  of  Engineer  Maintenance  of  Way  of  the 
Erie  Railroad,  with  office  at  Jersey  City.  He  remained  with  the 
Erie  Railroad  until  April,  1900,  when  he  became  Chief  Engineer 
of  the  Chicago  &  Alton  Railroad,  with  office  at  Chicago. 

As  Chief  Engineer  of  the  Chicago  &  Alton  Railroad,  he  had  charge 
of  grade  reduction,  double  track,  and  the  general  rehabilitation  of 
the  property  during  Mr.  S.  M.  Felton's  administration.  In  1904, 
he  left  the  railway  field  and  took  a  position  with  the  Dupont  Powder 
Company  and  made  his  home  at  Wilmington,  Delaware,  in  active 
charge  of  their  numerous  plants  which  distributed  his  work  over 
a  field  from  Maine  to  California.  After  two  years  of  service  with 
this  Company  he  was  appointed  Chief  Engineer  of  the  Oregon  & 
Washington  Railroad  of  the  Harriman  lines,  with  headquarters  at 
Seattle,  which  position  he  held  at  the  time  of  his  death. 

As  an  example  of  his  foresight  as  an  Engineer,  it  might  be  cited 
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that  when  he  was  Chief  Engineer  of  the  Chicago  &  Eastern  Illinois 
Railroad  in  1894,  he  had  his  bridges  designed  for  a  loading  about 
corresponding  to  Cooper's  E-40,  which  was  far  ahead  of  the  usual 
railway  specifications  for  bridges  of  that  date.  At  the  time  he 
was  severely  criticised  for  this  but  his  executive  officers  had  the 
good  sense  to  uphold  him  in  it  and  as  a  result  many  of  these  bridges, 
which  were  built  at  that  time,  are  still  in  service  under  the  heavy 
rolling,  stock  of  to-day,  when,  if  he  had  built  them  for  a  lighter 
loading,  as  he  had  been  counseled  to  do,  the  bridges  would  have 
had,  ere  this,  to  have  been  reconstructed. 

Mr.  Baldwin  was  a  man  of  rugged,  bluff,  and  intellectual  honesty, 
and  his  loss  will  be  greatly  regretted  by  everyone  who  knew  him 
well. 

W.  D.  Taylor, 
T.  W.  Snow, 

Committee. 


Carl  William  Birch-Nord,  m.w.s.e. 
Died  September  15th,  1909. 

Carl  William  Birch-Nord  was  born  ,in  Christiania,  Norway 
October  7th,  1880.  He  was  graduated  from  the  Christiania  Ele- 
mentary Technical  School  in -1899,  and  afterward  completed  a  post- 
graduate course  in  Electrical  Engineering  at  the  Institute  of  Tech- 
nology, Bingen,  Germany. 

In  1902,  Mr.  Birch-Nord  came  to  the  United  States  and  settled 
in  Chicago,  111.,  where  he  held  positions  as  Draftsman  with  Burnham 
and  Company,  the  Metropolitan  Elevated  Railway  Company.  In 
June,  1903,  he  entered  the  service  of  the  American  Bridge  Company, 
as  Estimator  and,  later,  as  Assistant  Engineer,  in  the  Estimating 
Department  of  the  Chicago  Plant,  where  he  remained  until  his  death 
on  September  15th,  1909. 

On  May  15th,  1907,  Mr.  Birch-Nord  was  married  to  Miss  Marie 
Halvorsen,  who  survives  him. 

Mr.  Birch-Nord  was  elected  a  Junior  Member  of  the  Western 
Society  of  Engineers  December  9th,  1904,  and  an  Active  Member 
December  9th,   1907.     He  was  also  an  Associate  Member  of  the 

American  Society  of  Civil  Engineers. 

Albert  Reichmann, 
Geo.  N.  Linday, 

Committee. 


Wm.  E.  Reynolds,  m.w.s.e. 

Mr.  Wm.  E.  Reynolds,  a  member  of  the  Western  Society  of 
Engineers  since  1904,  died  after  a  brief  illness  at  his  residence,  159 
So.  Homan  Ave.,  Chicago,  on  the  morning  of  Wednesday,  Dec. 
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24th.      Funeral   service   was   held   at   the   home   of   his   parents   in 
Mineral  Point,  Wis.,  on  Friday,  Feb.  26th. 

Mr.  Reynolds  was  born  at  Evansville,  Wisconsin,  Feb.  28,  1874. 
When  quite  young  his  parents  moved  to  Mineral  Point,  Wis.  He 
was  a  graduate  of  the  Mineral  Point  High  School  with  the  Class  of 
1892.  He  was  in  business  in  Mineral  Point  until  1895,  when  he 
entered  the  University  of  Wisconsin,  graduating  from  that  univer- 
sity with  the  class  of  1899  with  the  degree  of  Bachelor  of  Science 
in  Electrical  Engineering.  Immediately  after  graduating  he  entered 
the  Engineering  Department  of  the  Chicago  Telephone  Co.,  and  at 
the  time  of  his  death  was  Engineer  in  charge  of  Central  Office 
Switchboard  Construction. 

Mr..,  Reynolds  was  an  engineer  of  considerable  reputation  in  tele- 
phone circles.  He  was  an  active  member  of  the  U.  W.  Club  of 
Chicago  and  at  the  time  of  his  death  was  its  Secretary.  As  an 
engineer  he  was  known  to  be  thorough  and  eminently  practical.  As 
a  man  he  was  most  dearly  beloved  by  all  his  friends  and  associates 
for  his  kindly  manner  and  modest  demeanor. 

By  his  untimely  death  the  engineering  profession  has  lost  a 
member  of  great  promise. 

J.  G.  Wray, 

Committee. 
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PROCEEDINGS  OF  THE  SOCIETY 

MINUTES    OF   THE    MEETINGS. 

Regular  Meeting  Nov.  3,  1909. 

A  regular  meeting  of  the  Society  (No.  673)  was  held  Wednesday  evening, 
November  3rd.  The  meeting  was  called  to  order  about  8:30  P.  M.,  with 
President  Allen  in  the  chair  and  about  55  members  and  guests  present.  The 
minutes  of  the  meetings  of  October  6th  and  20th  were  read  and  approved. 

The  Secretary  reported  from  the  Board  of  Direction  that  at  their  meeting 
of  November  2nd  the  following  had  applied  for  membership : 

Charles  T.  Barnum,   Madison,  Wis Active 

Charles  A.  Fingal,  Chicago Active 

Rudolph  W.   Rusterholz,   Chicago Active 

Jesse  J.  Walledom,  Chicago Junior 

Thomas  G.  Windes,  Jr.,  Chicago Active 

Edward    Capouch,    Chicago Active 

Frank  Forest  Sinks,   Chicago Active 

William  B.  Greene,  Chicago , Junior 

Paul    C    Seyl,   Chicago Junior 

Arthur  R.  Eitzen,  Chicago Active 

S.  P.  C.  Borson,  Laramie,  Wyo., transfer  to  Active 

John   C.   Augsburger,    Chicago Active 

William  T.  Scantlin,  Chicago Junior 

Alfred   T.   Tompt,   Chicago Active 

Fred  David  Lyon,  Chicago Active 

Bruce    Sidmore,    Chicago Active 

James  H.  Heald,  Jr.,  Chicago Active 

Wilhelm    Warnecke,    Chicago Active 

Ben.   Himan   Bisbee,    Chicago Active 

Homer  A.  Field,  Chicago Active 

K.   S.  Landahl,   Chicago Junior 

Carl  A.  Keller,  Chicago Active 

Douglas  B.  A.  Graham,  Chicago Active 

Henry   Warner   Brown,   Chicago Junior 

Herbert  C.  Dreher,   Chicago Active 

Howard   Bruce   Murphey,   Chicago Active 

Merle  J.  Trees.  Chicago Junior 

D.  Downey  Williams,  Chicago Junior 

Frank  S.   Chandler,   Chicago Associate 

Ernest  L.  Clifford,  Chicago Active 

J.    W.    Cowper,   Chicago Active 

E.  S.  Stadelman,  Chicago Active 

Herbert   A.   Fife,    Chicago Junior 

Ejnar  Frogh,   Chicago Junior 

Arthur  R.   Shurtleff,   Chicago Associate 

Paul  H.   Dratz,   Chicago \ctive 

Frank  Y.  Johnson,  Chicago Junior 

Bernhard    Schroeder,    Chicago Junior 

A.   H.   Cameron,   Chicago Junior 

Frederick  A.  Potts,  Empire,  Panama Active 

J.  F.  Werlick,  Chicago Active 

Frank    H.   Taylor,    Chicago Junior 

Walter   D.    Guy.   Chicago '. Junior 

William  H.  Alderson,  Chicago Active 

Louis   G.   Arnold.   Chicago Junior 

Paul    P.   Bird,   Chicago Active 
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Carl  F.  Convert,  Chicago Junior 

Taliaferro    Milton,    Chicago Active 

Alexander   M.  Haubrich,  Chicago Active 

Wm.  J.   Vanderkloot,  Chicago .Transfer 

Also  that  the  following  had  been  elected  into  membership : 

Ralph  A.   Bonnell,   Chicago Active 

Roy  C.  Mitchell,  Chicago transfer  from  Junior  to  Active 

William   F.   Martin,   Chicago Active 

J.   B.   Freeman,   Chicago Junior 

Charles  T.  Barnum,  Madison,  Wis Active 

Charles  A.  Fingal,  Chicago Active 

Jesse  J.   Walledom,   Chicago Junior 

Edward    Capouch,    Chicago Active 

F.  F.   Sinks,   Chicago Active 

Wm.  B.  Greene,   Chicago Junior 

Paul  C.   Seyl,  Chicago Junior 

Arthur   R.    Eitzen,   Chicago Active 

Wm.  T.   Scantlin,  Chicago Junior 

Fred   D.   Lyon,   Chicago Active 

James   H.   Heald,  Jr.,  Chicago Active 

Homer  A.   Field,   Chicago Active 

Carl  A.   Keller,   Chicago Active 

Henry  W.  Brown,   Chicago Junior 

Merle  J.  Trees,  Chicago Junior 

D.  Downey  Williams,  Chicago Junior 

The  Secretary  also  read  from  the  minutes  of  the  meeting  of  the  Board  of 
Direction,  the  following : 

"The  following  petition  for  the  creation  of  a  Bridge  and  Structural 
Section,  dated  October  25th,  and  signed  by  twenty-eight  Active  mem- 
bers of  the  Society,  was  read : 

"  'The  undersigned  Active  members  of  the  Society  respectfully  peti- 
tion for  the  creation  of  a  Section  of  the  Society,  to  be  known  as  the 
Bridge  and  Structural  Section,'  the  object  of  which  shall  be  the  more 
complete  study  of  matters  pertaining  to  bridges  and  other  structures. 

'  Tt  is  our  desire  to  hold  monthly  meetings  of  this  Section,  for  the 
months  of  September  to  June,  inclusive,  on  such  dates  as  will  not  inter- 
fere with  other  meetings  of  the  Society  or  Sections,  and  as  may  be 
found  most  convenient' 

"After  considerable  discussion,  Mr.  Brill  offered  the  following  res- 
olution : 

"Whereas,  a  petition  has  been  presented  to  the  Board  of  Direction 
for  the  formation  of  a  Bridge  and  Structural  Section ; 

"And  whereas,  the  Board  of  Direction  is  of  the  opinion  that  this 
Section  should  be  formed,  in  case  sufficient  interest  is   shown  in  its 

formation : 

"Therefore,  be  it  resolved,  That  the  President  of  the  Society  be  au- 
thorized to  call  a  meeting  of  those  interested  in  the  formation  of  the 
Section,  and  if  in  his  opinion  sufficient  interest  is  shown  to  indicate  its 
success,  to  organize  said  Section  in  accordance  with  the  By-laws. 

"The  resolution  was  adopted." 
A  portion  of  the  minutes  of  the  Regular  Meeting  of  the  Society  of  Septem- 
ber 1st,  pertaining  to  certain  amendments  to  the  Constitution  and  By-laws,  was 
read,  as  follows : 

"With  the  object  of  improving  and  making  clear  certain  parts  of  the 
Constitution  and  By-laws  of  the  Society,  some  amendments  have  been 
prepared  by  the  Committee  on  Amendments.  These  were  submitted  to 
the  Board  of  Direction  at  its  meeting  held  August  31st  and  were  ap- 
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proved^ and  are  now  presented  to  the  Society  in  due  form  by  petition, 
as  provided  for  in  the  Constitution  and  By-laws. 

'The  object  of  the  amendments  to  the  Constitution,  Article  V,  and 
to  the  By-laws,  Articles  I,  II,  and  III,  is  to  have  more  time  between 
the  close  of  the  year  and  the  Annual  Meeting,  and  to  give  some  days' 
interval  between  the  election  of  the  new  officers  and  the  Annual  Meet- 
ing when  they  assume  office,  and  to  provide  for  a  regular  meeting  of  the 
Board  of  Direction  for  finishing  the  business  of  the  past  year  and  re- 
ceiving the  election  returns. 

"The  object  of  the  amendments  to  Article  VI  of  the  By-laws  is  to 
confirm,  as  a  part  of  our  organic  law,  the  practice  of  the  Board  of  Di- 
rection, during  recent  years  of  remitting  dues  of  members  of  over  thirty 
years'  standing." 

AMENDMENT    TO    THE    CONSTITUTION. 
Article  V. 

ANNUAL   MEETINGS. 

Section  i.  The  Annual  Meeting  shall  be  held  on  the  first  Wednesday 
after  the  first  Thursday  in  January,  at  which  time  the  results  of  the  election 
of  officers  of  the  Society  shall  be  announced,  the  Annual  Reports  received,  and 
other  business  may  be  transacted. 

AMENDMENTS    TO    THE    BY-LAWS. 
Article  I. 

Section  i.  Omit  everything  after  the  word  "quorum"  so  that  the  Section 
shall  read  "At  the  Annual  Meeting  of  the  Society  twenty-five  (25)  Active 
members  shall  constitute  a  quorum." 

Article  II. 

Section  8.  Substitute  "three  (3)  weeks"  for  "ten  (10)  days"  where  it 
occurs  in  the  first  line  of  this  Section. 

Sec.  10.  Substitute  "the  Friday  next  before"  in  place  of  "the  day  of," 
where  these  words  occur  in  the  first  line  of  this  Section. 

Sec.  12.  Substitute  "presented  to  the  Board  of  Direction"  for  "handed  to 
the  President,"  where  this  word  occurs  in  the  last  line  of  this  Section. 

Article  III. 

Section  2.  Add  the  following  paragraph  after  the  fourth  paragraph  of 
this  Article  "The  Board  of  Direction  shall  meet  on  the  day  fixed  for  closing 
of  the  polls,  to  receive  and  canvass  the  report  of  the  Judges  of  Election  and  to 
transact  such  other  business  as  may  come  before  it." 

Article  VI. 

Section  7.  Substitute  for  the  entire  Section  "The  Board  of  Direction  may, 
for  good  reason  assigned,  temporarily  excuse  any  member  from  payment  of 
annual  dues,  and  said  Board  may  remit  the  whole  or  part  of  dues  in  arrears 
or  accept  in  lieu  thereof  desirable  additions  to  the  property  of  the  Society." 

Sec.  8.  Substitute  for  the  entire  Section  "Every  person  admitted  to  the 
Society  shall  be  considered  a  member  thereof  and  shall  be  liable  for  the  pay- 
ment of  all  dues  until  he  shall  have  resigned,  been  expelled,  or  have  been 
relieved  from  payment  of  said  dues  by  the  Board  of  Direction  or  by  the  pro- 
visions of  these  By-laws." 

Amend  by  adding  another  Section,  as  follows : 

Section  9.  "Active  members  over  sixty  (60)  years  of  age  shall  cease  to 
pay  dues  after  thirty  (30)  years  of  continuous  membership." 

There  were  no  corrections  or  amendments  offered,  and  on  motion  from 
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O.  P.  "Chamberlain  the  meeting  voted  to  adopt  the  amendments  subject  to  a 
letter-ballot. 

Announcement  was  made  that  as  a  vacancy  had  occurred  in  the  office  of 
Superintendent  of  Streets,  an  examination  would  be  held  December  6th  by  the 
Civil  Service  Commission,  of  candidates  for  this  position,  and  that  it  had 
been  considered  desirable  to  advertise  this  matter  before  the  members  of  the 
Society. 

The  President  called  attention  to  the  very  gratifying  results  due  to  work 
on  the  part  of  members  of  the  Society,  in  increasing  the  number  of  applica- 
tions for  membership. 

He  also. announced  that  a  meeting  would  be  held  in  the  Society  Rooms 
Wednesday,  November  ioth,  to  consider  the  organization  of  a  Bridge  and 
Structural  Section,  and  that  he  hoped  there  would  be  a  good  attendance. 

Mr.  L.  W.  Page,  Director  of  the  Office  of  Public  Roads,  U.  S.  Department 
of  Agriculture,  Washington,  D.  C,  was  then  introduced,  who  read  his  paper 
on  "Macadam  Roads  and  Their  Preservation.'' 

After  the  reading  of  the  paper  a  number  of  lantern  slide  views  were  exhib- 
ited, showing  the  effect  of  high  speed,  heavy  automobiles  in  the  deterioration 
and  destruction  of  macadam  roads. 

Discussion  followed  from  Messrs.  A.  N.  Johnson,  State  Highway  Engineer 
for  Illinois:  A.  W.  Woodman,  C.  T.  B.  Goodspeed,  A.  C.  Schrader,  O.  C. 
Simonds,  O.  P.  Chamberlain,  Linn  White,  W.  A.  Levering,  J.  F.  Hayford,  E. 
N.  Layfield,  K.  B.  Miller,  W.  H.  Dean,  and  J.  H.  Warder,  with  a  closure 
from  the  author  of  the  paper. 

On  motion  from  Mr.  K.  B.  Miller,  a  vote  of  thanks  was  tendered  Mr.  Page 
for  his  valuable  paper. 

Extra  Meeting,  November  10,  1909. 

A  special  extra  meeting  of  the  Society  (No.  674)  was  held  Wednesday 
evening,  November  ioth,  having  been  called  to  create  and  organize  a  Bridge 
and  Structural  Section. 

The  meeting  was  called  to  order  at  8 130  p.  m.,  with  President  Allen  in  the 
chair  and  about  65  members  and  guests  present. 

In  opening  the  meeting  the  President  explained  that  a  petition,  signed  by 
twenty-eight  active  members,  had  asked  for  the  formation  of  a  Bridge  and 
Structural  Section  in  accordance  with  the  by-laws  of  the  Society.  This  re- 
quest had  been  granted  by  the  Board  provided  sufficient  interest  was  mani- 
fested to  insure  success.  The  President  also  presented  the  arguments  in  favor 
of  and  against  the  formation  of  the  Section. 

A  motion  was  made  and  carried  unanimously  that  a  Bridge  and  Structural 
Section  be  organized. 

The  next  business  before  the  meeting  was  the  consideration  of  rules  for 
the  government  of  the  Section,  and  on  motion  from  Mr.  Bement,  the  Section 
went  into  a  Committee  of  the  Whole,  with  Mr.  Bement  in  the  Chair. 

In  the  Committee  of  the  Whole,  various  plans  for  organizing  were  dis- 
cussed, and  the  Committee  finally  adopted  the  recommendation  that  a  tem- 
porary organization  be  formed,  consisting  of  a  Chairman,  Vice  Chairman,  and 
three  Directors,  this  Committee  to  recommend  a  permanent  organization 
which  should  be  undertaken  at  the  next  meeting. 

The  Committee  then  rose  and  reported  to  the  Section,  and  nominations  for 
the  office  of  Chairman  were  called  for.  Mr.  T.  L.  Condron  was  nominated  and 
elected  unanimously  to  the  office.  He  was  then  inaugurated  and  took  the 
Chair.  Balloting  then  proceeded  for  the  other  officers,  with  the  result  that 
Mr.  W.  C.  Armstrong  was  elected  Vice  Chairman,  and  Messrs.  Andrews 
Allen,  W.  W.  Curtis,  and  C.  R.  Dart,  the  three  Directors  of  the  Committee. 

The  meeting  then  adjourned  to  meet  Wednesday,  December  8th,  at  which 
time  it  is  expected  to  have  a  technical  paper,  and  also  to  form  a  permanent 
organization. 
After  adjournment   some   light   refreshments   were   served. 
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Joint  Meeting,  Electrical  Section,  and  Chicago  Branch  A.  I.  E.  E., 

Nov.  it,  1909. 

An  extra  meeting  of  the  Society  (No.  675),  being  a  meeting  of  the  Elec- 
trical Section  W.  S.  E.  (No.  45)  held  jointly  with  the  Chicago  Section  A.  I. 
E.  E.,  was  held  Tuesday  evening,  November  16th,  in  Fullerton  Hall,  Art  In- 
stitute. 

The  meeting  was  called  to  order  at  8:10  p.  m.  by  Past  President  W.  L. 
Abbott,  who  remarked  that  there  was  present  two  Past  Presidents  of  the 
Western  Society  of  Engineers,  three  Past  Presidents  of  the  American  Insti- 
tute of  Electrical  Engineers,  as  well  as  the  time  honored  Secretary  (Mr.  Pope) 
of  the  Institute.  He  also  stated  that  in  the  aggregation  of  a  Past  President  of 
the  Institute  and  of  the  Western  Society  of  Engineers,  there  was  one  who  had 
been  President  of  each  Society,  and  to  whom  would  fall  the  honor  of  presiding 
at  this  joint  meeting,  and  he  would  call  upon  Mr.  B.  J.  Arnold,  to  preside. 

Mr.  Arnold,  upon  taking  the  chair,  welcomed  those  in  attendance  and 
congratulated  them  on  what  was  before  them.  He  also  alluded  to  the  pres- 
ence of  Mr.  Pope,  whom  he  introduced  to  the  meeting.  Mr.  Pope  spoke  of 
the  growth  and  development  of  the  American  Institute  of  Electrical  Engi- 
neers, the  youngest  of  the  four  great  national  engineering  societies,  and 
now  the  largest  in  numbers.  He  stated  that  this  past  summer,  in  the  interests 
of  the  Institute  and  its  sections,  he  had  made  an  extensive  trip  over  the  coun- 
try, visiting  the  local  sections  of  the  Institute,  particularly  on  the  Pacific 
Coast ;  he  also  expressed  himself  as  being  very  happy  in  being  present  at  this 
joint  meeting,  and  hoped  to  be  present  on  other  occasions. 

Mr.  Arnold,  in  a  few  happy  remarks,  then  introduced  Dr.  Charles  P. 
Steinmetz,  the  speaker  of  the  evening. 

Dr.  Steinmetz  announced  the  subject  of  his  address  as  "The  Law  of  the 
Conservation  of  Energy."  He  illustrated  his  remarks  with  some  blackboard 
sketches  and  mathematical  formulae,  and  showed  that  energy  is  never  de- 
stroyed— only  changed  into  some  other  form.  A  question  was  asked,  that  if 
a  metallic  spring — say  a  coiled  spring  of  steel  wire — be  put  in  compression, 
which  contained  potential  energy,  and  it  then  be  placed  in  an  acid  bath  which 
would  entirely  destroy  the  metallic  spring  as  such,  what  became  of  the  energy 
stored  in  the  spring?  Dr.  Steinmetz  said  that  the  potential  mechanical  energy 
stored  in  the  coiled  spring  was  not  destroyed,  but  was  converted  into  an  in- 
crease of  heat  energy,  into  chemical  energy,  and  into  electrical  energy,  and 
so  was  not  lost. 

The  meeting  adjourned  about  9  :20  p.  m.  There  were  about  500  present. 

Extra  Meeting,  November  17,  1909. 

An  extra  meeting  of  the  Society  (No.  676)  was  held  Wednesday  evening, 
November  17th.  The  meeting  was  called  to  order  by  President  Allen  at 
8 130  p.  m.,  with  about  90  members  and  guests  present.  There  was  no  business 
before  the  meeting. 

The  President  announced  the  subject  as  Chicago's  Smoke  Problem,  and 
introduced  Paul  P.  Bird,  Chief  Smoke  Inspector  for  Chicago.  Mr.  Bird  then 
read  his  paper.  Discussion  followed  from  T.  E.  Donnelley,  R.  H.  Kuss,  W. 
F.  M.  Goss,  E.  J.  Berg,  S.  G.  Hobart,  W  L.  Abbott,  A.  Bement,  Joseph  Har- 
rington, Charles  Poethke  (of  Milwaukee),  P.  M.  Chamberlain,  W.  D.  Evans, 
C.  F.  Heal,  and  A.  N.  Johnson.  The  Secretary  also  read  letters  from  G.  F. 
Gebhardt  and  Wm.  Wilbraham. 

The  meeting  adjourned  about  10:55  P-  m.,  after  approving  the  holding  of 
an  adjourned  meeting  in  the  near  future,  for  further  discussion  of  the  subject, 
to  give  the  operating  engineers  an  opportunity  to  tell  their  side  of  the  story. 

Extra  Meeting  November  26,  1909. 

A  special  extra  meeting  of  the  Society  (No.  677)  was  held  Friday  evening, 
November  26th,  adjourned  from  the  meeting  of  November  17th.  for  further 
discussion  and  by  the  Operating  Engineers,  of  "Chicago's  Smoke  Problem." 
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The  meeting  was  called  to  order  at  8 :20  p.  m.,  by  the  President  with  about 
ioo  members  and  guests  present. 

After  a  few  preliminary  remarks  from  the  President  and  from  Mr.  Paul 
P.  Bird  (the  author  of  the  paper  presented  at  the  preceding  meeting),  the 
discussion  was  opened  by  Mr.  C.  W.  Naylor,  m.w.s.e.,  following  with  remarks 
from  Messrs.  Hardin,  Morrow,  Johnson,  McGrath,  Elliott,  Saxe,  McNeil, 
Starr,  Lightly,  Strickler,  Weber,  Whyte,  Shriner,  Perry,  Wolfinson,  Heal, 
Norberg,  Brown,  Keenan,  Mabbs,  and  Luehr.  These  were  nearly  all  operating 
engineers  of  important  Chicago  power  plants. 

The  meeting  adjourned  about  11:05  P-  m. 

Regular  Meeting,  December  1,  1909. 

A  regular  meeting  of  the  Society  (No.  678)  was  held  Wednesday  evening, 
December  1st.  The  meeting  was  called  to  order  about  8:25  p.  m.,  with  Presi- 
dent Allen  in  the  Chair  and  some  125  members  and  guests,  including  ladies, 
present. 

The  reading  of  the  minutes  of  the  preceding  meetings  was  dispensed  with 
by  vote.  The  Secretary  reported  from  the  Board  of  Direction  that  the  follow- 
ing had  made  application  for  membership  in  the  Society : 

George   M.   Shepard,   Chicago Junior 

Alexander  M.   Graver,  Chicago Junior 

Harry  E.  Wolfing,  Chicago  Junior 

Howard  A.   Sanstadt,  Chicago Active 

John   F.   Hayford,   Evanston Active 

Charles  B.  Trowbridge,  Chicago Active 

Harry  D.  Keerl,  Mason  City,  Iowa transfer  Active 

Charles   Piez,   Chicago Active 

Robert  F.  Trumbull,  Chicago Junior 

Chas.  W.  E.  Clarke,  New  York transfer  Active 

Herbertj  S.   Graver,   Chicago Junior 

Chas.  A.  Cleaver,  Houston,  Texas Active 

Arba   B.   Marvin,   Chicago Active 

Allard    Smith,    Chicago Active 

Wm.  A.  Theodorson,  Chicago transfer  Active 

Austin  Kimble,   Chicago Active 

John  B.  Fink,  Tulsa,  Okla Junior 

John  V.  Zahlen,   Chicago Active 

Wm.   C.   Bartholdy,   Chicago Active 

Edward  A.  Kuehne,  Chicago Junior 

Wm.  H.  Lewis,  Chicago Associate 

Paul   P.   Stewart,  Chicago Active 

Chas.  F.   Burgess,  Madison,  Wis Active 

Charles   C.  Wright,  Chicago Junior 

Joseph  O.   Holzinger,   Chicago Junior 

~tert   G.   Williams,   Chicago Active 

[enry   C.   Breidert,   Chicago Active 

irrigo   Young,    Chicago Junior 

Irvin  A.  Bartholomew,  Nyssa,  Ore Active 

Archie  J.  Blakely,  Nyssa,  Ore Active 

Max  N.  Coles,  Nyssa,  Ore Junior 

Paul   S.  Roberts,  Nyssa,  Ore Active 

Joe  D.  Wood,  Nyssa,  Ore Active 

Samuel  M.  Felton,  Chicago .  .Active 

Thos.  S.  Hewerdine,  Halifax,  N.  S Active 

rrederick  H.  Smith,  Chicago Active 

Ralph  H.  Rice,  Chicago Active 

Frank  W.  DeWolf,  Urbana.   Ill Active 

Jesse  B.  Wright,  Tucson,  Ariz Active 

George  M.  A.  Ilg,  Chicago Active 

Arthur  T.   Pravdiza,   Chicago Junior 

Abel  O.  Anderson,  Lake  City,  Iowa Active 
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Also  that  the  following  had  been  elected  into  the  Society : 

Alfred  T.   Tompt,    Chicago Active 

Ben  H.  Bisbee,  Chicago Active 

K.   S.  Landahl,  Chicago Junior 

Frank  S.  Chandler,  Chicago Associate 

John  W.  Cowper,  Chicago Active 

H.  A.  Fife,  Chicago Junior 

Ejnar    Frogh,    Chicago Junior 

Frank  Y.  Johnson,  Chicago Junior 

Bernhard    Schroeder,    Chicago Junior 

A.   H.   Cameron,  Chicago Junior 

F.  A.  Potts,  Empire,  C.  Z Active 

J.  F.  Werlich,   Chicago Active 

Frank  H.  Taylor,  Chicago Junior 

Walter   D.   Guy,   Chicago Junior 

Wm.  H.  Alderson,  Chicago Active 

Louis  G.  Arnold,   Chicago Junior 

Paul  P.  Bird,  Chicago Active 

Carl   F.   Convert,    Chicago Junior 

Taliaferro    Milton,    Chicago Active 

A.  M.  Haubrick,  Chicago Active 

George  M.   Shepard,   Chicago Junior 

Alexander  M.   Graver,   Chicago Junior 

Harry  E.  Wulfing,  Chicago Junior 

John  F.  Hayford,  Evanston,  111 Active 

Harry  D.  Keerl,  Mason  City,  Iowa transfer  Active 

Charles    Piez,    Chicago Active 

Robert  F.  Trumbull,  Chicago Junior 

Herbert   S.   Graver,   Chicago Junior 

Allard    Smith,    Chicago Active 

Wm.  A.  Theodorson,  Chicago transfer  Active 

John  B.  Fink,  Tulsa,  Okla Junior 

John  V.  Zahlen,   Chicago Active 

Edward  A.   Kuehne,   Chicago Junior 

Wm.  H.  Lewis,  Chicago Associate 

Chas.  F.  Burgess,  Madison,  Wis Active 

Arrigo    Young,    Chicago Junior 

The  Secretary  reported  from  the  Board  of  Direction  that  the  letter  ballots 
on  certain  amendments  to  the  Constitution  and  By-Laws  had  been  canvassed 
and  that  the  votes  cast  had  been  almost  unanimously  in  favor  of  the  amend- 
ments ;  that  these  will  be  in  force  next  year,  1910,  and  the  annual  meeting  and 
dinner  will  be  held  the  evening  of  Wednesday,  January  12,  1910;  also  that  the 
polls  for  the  election  of  the  officers  of  the  Society  will  close  at  noon  on  Fri- 
day, January  7,  1910. 

The  Board  of  Direction  also  reported  that  the  petitions  for  nominations 
of  candidates  for  the  offices  of  the  Society  resulted  in  the  following  nomina- 
tions : 

For    President : 

J.  W.  Alvord, 
P.  Junkersfeld, 
Wm.  B.  Storey,  Jr. 

For  First  Vice-President: 

A.  Bement, 

O.  P.  Chamberlain. 

For  Second  Vice-President : 

A.   Bement, 

C.  H.  Cartlidge. 

Wm.    B.  Jackson. 
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For  Third  Vice  I  'resident : 

W.  K.   Batt,  l  a  Fayette,   fnd. 

A.  Marston,  Ames,  Iowa. 

II.  Al.   Raymond,  Armour  Institute 

For  Treasurer : 

A.  Rci'chmann. 

For  Trustee  for  Three  Years: 
W.  W.  Curtis, 
G.  A.  M.  Liljencrantz, 
E.  McCullou«h. 
W.  IT.  Pratt; 
M.  K.  Trumbull. 

The  Secretary  also  announced  that  there  would  be  a  meeting  of  the  Bridge 
and  Structural  Section  on  Wednesday  evening.  December  8th ;  also  that  a 
social  meeting — a  "Ladies'  Night" — would  be  held  Friday  evening,  December 
ioth. 

There  being  no  other  business  to  bring  before  the  Society,  the  President 
introduced  Mr.  George  S.  Rice,  m.w.s.e.,  who  read  his  paper  on  "Mine  Acci- 
dent Investigations  of  the  U.  S.  Geological  Survey,"  with  a  supplemental  chap- 
ter on  the  Cherry  mine  disaster.  The  paper  was  illustrated  with  a  number  of 
stereopticon  views. 

Mr.  R.  Y.  Williams  followed  Mr.  Rice  with  an  exhibit  and  explanation  of 
the  use  of  an  oxygen  helmet,  furnishing  a  supply  of  oxygen  to  enable  one  to 
enter  a  mine  filled  with  poisonous  gases. 

Discussion  followed  from  Messrs.  A.  Bement,.W.  L.  Abbott,  H.  !  I.  Stock, 
Mr.  Moore,  and  H.  B.  Gear. 

The  meeting  adjourned  about  n:io  p.  m. 

Extra  Meeting,  December  8,  iqc.q. 

An  extra  meeting  of  the  Society  (No.  679),  being  the  second  meeting  of 
the  Bridge  and  Structural  Section,  was  held  Wednesday  evening,  December 
8th. 

The  meeting  was  called  to  order  at  8:30  p.  m.,  with  Mr.  T.  L.  Condron, 
Chairman,  presiding  and  nearly  100  in  attendance.  The  reading  of  the  min- 
utes of  the  meeting  of  November  ioth  was  dispensed  with  by  consent. 

Rules  for  the  Bridge  and  Structural  Section  had  been  prepared  and  copies 
distributed,  and  these  were  taken  up,  section  by  section,  for  consideration. 
Certain  minor  alterations  were  made  and  the  rules  as  adopted  are  as  follows : 

Membership :  1.  Members  of  the  Western  Society  of  Engineers  of  all 
grades  shall  be  eligible  to  membership  in  the  Bridge  and  Structural  Section, 
and  will  be  enrolled  as  members  of  this  Section  upon  application  to  the  Secre- 
tary.    All  members  of  the  Section  shall  have  the  right  to  vote. 

Officers:  2.  The  officers  of  the  Bridge  and  Structural  Section  shall  be  a 
Chairman  and  a  Vice  Chairman,  who  shall  be  Active  members  of  the  Western 
Society  of  Engineers,  and  three  Directors,  who  shall  hold  their  respective 
offices  for  one  year  or  until  their  successors  are  duly  installed.  These  officers 
shall  constitute  an  Executive  Committee  in  which  shall  be  vested  the  man- 
agement of  the  Section. 

3.  The  Chairman  shall  preside  at  all  meetings  of  the  Section  and  of  the 
Executive  Committee;  in  his  absence  the  Vice  Chairman  shall  preside;  or,  in 
the  absence  of  both,  a  Director  shall  preside. 

Meetings:  4.  The  regular  meetings  of  the  Bridge  and  Structural  Section 
shall  be  held  on  the  second  Wednesday  of  each  month,  excepting  July  and 
August,  unless  this  should  conflict  with  some  meeting  of  the  Society,  in  which 
case  the  Executive  Committee  of  the  Section  shall  fix  the  date  for  the  meeting. 
Special  meetings  of  the  Section  may  be  called  by  the  Chairman  or  Vice  Chair- 
man of  the  Section.  The  January  meeting  of  the  Section  shall  be  the  annual 
meeting.     Fifteen  members  shall  constitute  a  quorum  at  those  meetings. 
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5.  The  meetings  of  the  Executive  Committee  shall  be  held  at  least  once  a 
month  at  the  call  of  the  Chairman  or  Vice  Chairman  of  the  Section,  at  which 
meetings  three  members  shall  constitute  a  quorum. 

Election:  6.  The  Chairman,  Vice  Chairman,  and  one  Director  shall  be 
elected  annually.  The  retiring  Chairman  and  Vice  Chairman  shall  not  be  im- 
mediately eligible  for  re-election  to  their  respective  offices,  but  they  shall  be- 
come Directors  to  serve  for  the  ensuing  year.  In  case  the  retiring  Vice  Chair- 
man is  elected  Chairman,  two  Directors  shall  be  elected  to  serve  one  year. 
In  the  first  election  three  Directors  shall  be  chosen  to  serve  for  one  year. 
The  Executive  Committee  shall  fill,  for  the  unexpired  term,  any  vacancy  oc- 
curring in  its  membership. 

Nominations:  7.  Nominations  for  officers,  including  at  least  two  Direc- 
tors, shall  be  made  at  the  regular  December  meeting,  and  such  nominations 
shall  receive  the  endorsement  of  at  least  five  members  of  the  Section.  Nomi- 
nations shall  be  posted  on  the  bulletin  board  in  the  Society's  rooms  and  shall 
be  voted  upon  by  ballot  at  the  annual  meeting. 

Amendments:  8.  Any  amendment  proposed  to  these  rules  shall  be  re- 
duced to  writing,  signed  by  at  least  three  members  and  presented  at  a  regular 
meeting  of  the  Section.  It  may  then  be  amended  and  shall  be  voted  upon  at 
the  next  regular  meeting  of  the  Section.  If  adopted  by  a  majority  vote  it 
shall  become  effective. 

Nominations  for  officers  of  the  Section  were  then  made,  to  be  submitted 
to  ballot  at  the  next  regular  meeting  of  the  Section,  as  follows : 

Chairman,  T.  L.  Condron. 

Vice  Chairman,  W.  C.  Armstrong. 

Directors  (three  to  be  elected),  Andrews  Allen,  C.  R.  Dart,  F.  E.  David- 
son, E.  N.  Layfield,  S.  T.  Smetters. 

This  completing  the  business  of  the  evening,  the  subject  of  the  paper  was 
announced,  "The  Eight  Track  Bascule  Bridge  at  Campbell  Ave.  for  the  San- 
itary District  of  Chicago."  Mr.  C.  R.  Dart,  m.w.s.e.,  was  introduced,  who 
described  the  original  structure  and  the  one  now  under  construction.  He  was 
followed  by  Mr.  S.  T.  Smetters,  m.w.s.e.,  who  described  more  in  detail  some 
of  the  special  features  of  construction  of  the  new  bridge. 

A  number  of  stereopticon  views  were  shown  illustrating  the  construction 
and  appliances. 

Discussion  followed  from  Messrs.  W.  H.  Finley,  Geo.  T.  Horton,  Andrews 
Allen,  Theo.  Kandeler,  E.  N.  Layfield,  and  the  Chairman. 

The  meeting  adjourned  at  11  p.  m. 

Social  Meeting,  December  jo,  1909. 

A  social  meeting — Ladies'  Night — being  a  special  extra  of  the  Society  (No. 
680)  w«is  held  in  the  Society  rooms,  Monadnock  Block,  Friday  evening,  De- 
cember 10th,  with  Mr.  P.  Junkersfeld  presiding,  and  about  125  members  and 
guests  present. 

The  program  for  the  evening  consisted  of  violin  solos  admirably  rendered 
by  Mr.  C.  E.  Schauffler,  m.w.s.e.,  with  piano  accompaniment,  and  of  a  recita- 
tive by  Mrs.  Andrews  Allen,  of  Tennyson's  "Guinevere"  to  a  musical  setting 
composed  and  executed  on  the  piano  by  Mr.  Heniot  Levy,  of  Chicago. 

After  the  completion  of  the  program,  Mr.  Stern  offered  a  vote  of  thanks 
from  the  audience  to  those  who  had  done  so  much  for  their  entertainment. 

Refreshments  were  then  served  and  the  company  dispersed  about  11  p.  m. 

Extra  Meeting,  December  15,  1909. 

An  extra  meeting  of  the  Society  (No.  681)  was  held  Wednesday  evening, 
December  15th. 

The  meeting  was  called  to  order  at  8:20  p.  m.  by  President  Allen  with 
about  95  members  and  guests  in  attendance. 

There  was  no  business  before  the  Society,  so  Air.  T.  L.  Condron,  m.w.s.e., 
was  introduced,  who  read  his  paper  on  "A  Unique  Type  of  Reinforced  Con- 
crete Building  Construction."  This  was  illustrated  by  a  number  of  stereop- 
ticon views. 
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Discussion  followed  from  the  Chairman  and  Messrs.  F.  E.  Davidson,  W. 
A.  Hoyt,  E.  McCullough,  A.  W.  Woodman.  D.  B.  Luten.  W.  H.  Finley,  E.  N. 
Layfield,  C.  K.  Mohler,  E.  L.  Jones,  and  a  closure  from  Mr.  Condron.' 

The  meeting  adjourned  about  10:50  p.  m. 

Joint  Meeting,  Electrical  Section  and  Chicago  Branch  A.  I.  E.  E., 

December  22,  1909. 

An  extra  meeting  of  the  Society  (No.  682),  being  a  meeting  of  the  Elec- 
trical Section  W.S.E.  (No.  46),  was  held  jointly  with  the  Chicaeo  Branch 
A.I.E.E.  in  the  Society  Rooms,  Wednesday  evening,  December  22nd. 

The  meeting  was  called  to  order  at  8:25  p.  m.,  with  Vice  Chairman  P.  B. 
Woodworth  presiding,  and  over  60  members  and  guests  present.  The  minutes 
of  the  preceding  meeting  held  November  16th  were  read  and  approved. 

A  portion  of  the  Rules  were  read,  showing  that  it  was  in  order  at  this 
meeting  to  make  nominations  for  three  members  of  the  Executive  Committee 
of  the  Electrical  Section  for  1910,  the  same  to  be  voted  on  at  the  annual  meet- 
ing in  January.     Mr.  James  Lyman  presented,  by  letter,  the  following  names: 

For  Chairman,  George  H.  Lukes. 

For  Vice  Chairman,  G.  T.  Seely. 

For  Member  of  Executive  Committee  to  serve  three  years,  P.  B.  Wood- 
worth. 

The  Secretary  suggested  that  he  thought  it  wise  to  make  certain  changes 
in  the  Rules  governing  the  Section,  as  follows :  In  paragraphs  6  and  7  change 
the  date  of  meetings,  regular  and  annual,  from  the  second  Friday  to  the 
fourth  Wednesday,  and  thus  have  the  Rules  in  accordance  with  the  present 
practice.  Attention  was  also  called  to  the  order  and  sequence  of  paragraphs 
6  and  7,  and  the  suggestion  was  made  to  exchange  the  order  of  these,  so  that 
paragraph  6  will  relate  to  the  regular  meetings  of  the  Electrical  Section,  and 
paragraph  7  will  pertain  to  the  annual  meeting. 

On  motion  of  Mr.  Roper  this  suggestion  was  approved,  to  be  submitted  to 
vote  at  the  next  regular  meeting  to  be  held  Wednesday,  January  26th,  1910. 

The  Chair  made  announcement  that  the  policy  of  having  joint  meetings 
of  the  Electrical  Section  and  the  Chicago  Branch  A.I.E.E.  had  proved  so  sat- 
isfactory, that  the  joint  committee  desired  to  continue  the  arrangement,  and 
had  so  voted.  The  Chair  also  stated  that  at  the  next  joint  meeting,  to  be 
held  Wednesday,  January  26th,  Mr.  Lee  Campbell  would  address  the  meeting 
on  "Recent  Developments  in  the  Automatic  Telephone/'  etc. 

There  being  no  other  business  before  the  meeting,  Mr.  R.  H.  Rice  was  in- 
troduced, who  read  his  paper  on  "Low  Tension  Feeder  Systems  for  Street 
Railways."  The  paper  was  illustrated  by  a  number  of  lantern  slide  views. 
Discussion  followed  from  Messrs.  Roper,  Lake,  Wheeler,  and  the  Chairman. 

The  meeting  adjourned  at  9:35  p.  m.  J.  H.  Warder, 

Secretary. 


BOOK  REVIEWS 


Cyrus  Hall  McCormick.  His  Life  and  Work.  By  Herbert  N.  Casson.  5  by 
8  in.,  264  pages,  including  index.  Frontispiece  portrait  and  17  photograveur 
full  page  illustrations.  Cloth  bound.  Price  $1.50.  A.  C.  McClurg  &  Co., 
Chicago,  1909. 

This  book  consists  of  13  chapters  beginning  with  "The  World's  Need  of  a 
Reaper,"  and  is  followed  by :  "The  McCormick  Home  in  Virginia,"  "The 
Invention  of  the  Reaper."  "Sixteen  Years  of  Pioneering"  is  followed  by  "The 
Building  of  the  Reaper  Business"  and  "The  Struggle  to  Protect  Patents." 
"The  Evolution  of  the  Reaper"  precedes  the  "Conquest  of  Europe,"  following 
which  we  have  "McCormick  as  a  Manufacturer  and  as  a  Man."  The  chapters 
on  "The  Reaper  and  the  Nation"  and  "The  Reaper  and  the  World,"  are  im- 
pressive. 
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The  book  presents  some  astonishing  facts  as  to  the  relation  of  wheat,  as  a 
food,  to  modern  civilization,  and  the  increase  in  quantity  of  this  food,  depend- 
ent upon  the  creation  of  the  reaper  which  makes  possible  the  harvesting  of 
such  immense  quantities  of  the  raw  grain  for  the  "staff  of  life.'' 

The  author  claims  that  the  making  of  the  United  States  into  a  great  nation 
has  evolved  with  the  dawn  and  growth  of  the  industrial  era,  the  replacing  of 
muscle  by  machinery,  and  the  establishing  of  better  ways  and  better  times  on 
the  farm  and  in  the  city.  A  reading  of  this  book  is  necessary  to  a  proper 
apprehension  of  our  growth  and  development  and  our  advance  among  the 
nations  of  the  earth,  by  reason  of  our  great  supply  of  food-stuff  for  other 
peoples.  This  was  possible  by  the  invention  of  the  reaper  and  its  subsequent 
manufacture  by  American  skill,  which  machinery,  by  its  distribution  among 
other  nations,  enables  them  also  to  be  food-producers  for  themselves  and  the 
world. 

It  has  been  but  a  few  weeks  since  the  centennial  anniversary  of  the  birth 
•of  the  great  McCormick  was  suitably  celebrated  in  the  city  of  Chicago,  yet 
\vhat  a  marvelous  change  has  come  over  the  face  of  the  whole  world.  It  was 
in  1831  that  the  first  successful  and  practical  reaping  machine  was  made,  and 
that  by  the  son  of  a  Virginia  farmer  in  a  crude  little  farm  work-shop.  The 
reaper  was  successful  as  a  reaper,  but  in  the  years  since  has  been  much  modi- 
fied in  its  form,  construction,  material,  etc.  The  manufacture  of  reaping  ma- 
chines did  not  amount  to  anything  for  a  dozen  years  or  more,  after  1831.  It 
was  in  1847  that  McCormick  came  to  Chicago  and  began  the  manufacture  of 
reaping  machines.  Since  then  the  development  and  enlargement  of  this  busi- 
ness has  been  coincident  with  the  growth  of  the  city.  But  this  book,  so  at- 
tractively written  and  printed,  should  be  read,  particularly  as  it  throws  so 
many  valuable  side  lights  on  the  growth  and  development  of  this  business  and 
consequently  of  our  country.  W. 

Solid  Bitumens.     By  S.  F.  Peckham,  A.  M.,  Chemist  to  the  Department  of 

Finance,  City  of  New  York.     The  Myron  C.  Clark  Publishing  Co..  New 

York  and  Chicago.    E.  &  F.  N.  Spon,  Ltd.,  London.     1909.     Cloth,  6  by  9 

ins.;  pp.  324;  illustrated.    Price  $5.00. 

In  view  of  the  increasing  use  of  bituminous  substances  in  the  construction 
of  pavements,  any  study  of  bitumens  that  places  the  subject  in  a  clearer  light 
is  sure  to  be  of  great  value  to  a  large  class  of  engineers.  The  subject  is  not  a 
simple  one.  The  analysis  of  ordinary  bituminous  substances  is  sufficient  to 
tax  the  ingenuity  of  the  skilled  chemist.  In  fact,  the  investigation  of  bitumens 
provides  many  problems  that  have  thus  far  baffled  the  most  advanced  chem- 
ical analysis.  As  stated  by  the  author,  it  is  "a  field  of  vast  extent  and  intricate 
paths,  the  boundaries  of  which  no  man  living  will  discover." 

With  this  statement  in  mind,  the  reader  is  not  surprised  to  find  that  there 
are  many  questions  in  what  may  be  called  the  theory  of  bitumens  that  the 
author  discusses  but  does  not  attempt  to  settle;  that  many  of  his  suggestions 
are  tentative ;  and  that  portions  of  the  work  are  valuable  in  furnishing  material 
and  stimulus  for  further  investigation,  rather  than  for  the  positive  informa- 
tion that  is  given.  It  may  be  said,  however,  that  this  statement  applies  only 
to  the  theoretical  study  of  the  subject.  The  practical  use  of  bitumen  in  pave- 
ments is  a  matter  of  good  practice  not  hard  to  determine,  though  subject  to 
constant  improvement  through  theoretical  investigation. 

The  ultimate  object  of  the  work  is  evidently  a  practical  one — a  study  of 
"solid  forms  of  bitumen  and  their  uses  in  the  construction  of  pavements."  The 
latter  portion  of  the  work  covers  very  fully  the  composition  of  paving  mate- 
rial and  the  construction  of  pavements,  as  well  as  different  methods  of  testing 
materials.  But  this  work  is  far  too  broad  in  its  scope  to  be  classed  as  a  book 
on  pavements  or  paving  materials. 

A  great  deal  of  space  is  devoted  to  the  origin,  geographical  distribution, 
and  the  physical  and  chemical  properties  of  bitumen  in  its  various  forms.  The 
reader  who  is  not  a  chemist  will  meet  some  surprise  in  this  portion  of  the 
work.  Bitumen  cannot  be  classified  in  a  few  words,  nor  by  a  simple  chemical 
formula.     It  is  defined  as  a  hydro-carbon,  containing  often  oxygen,  nitrogen, 
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and  sulphur  in  very  complex  compounds,  "regarding  which  chemists  have 
much  to  learn."  It  is  widely  distributed  geographically,  and  occurs  in  many 
forms,  usually  mixed  with  other  substances. 

The  classification  of  the  different  products  and  educts  of  bitumen  has  long 
been  in  an  unsatisfactory  state.  Each  investigator  has  made  his  own  classifi- 
cation, apparently,  and  the  matter  has  been  further  complicated  by  the  nomen- 
clature introduced  through  commercial  necessity.  In  a  chapter  entitled  "Clas- 
sification of  Bituminous  Substances"  this  subject  is  thoroughly  discussed  and 
a  logical  classification  and  nomenclature  is  suggested. 

The  work  will  be  useful  to  any  engineer  interested  in  paving,  but  its  great- 
est value  lies  in  the  critical  discussion  of  the  whole  subject  of  bitumens. 

J.  E.  M. 

Coordinate  Geometry.  By  Henry  Burchard  Fine  and  Henry  Dallas  Thomp- 
son. The  Macmillan  Company,  New  York.  1909.  Cloth,  yl/2  by  5  ins. ;  pp. 
300;  illustrated.     Price  $1.60  net. 

The  book  is  divided  into  two  sections,  Coordinate  Geometry  in  a  Plane, 
and  Coordinate  Geometry  in  Space. 

In  the  first  section,  chapters  are  devoted  to  the  Straight  Line,  the  Circle, 
the  Parabola,  the  Ellipse,  and  the  Hyperbola,  giving  the  equation,  shape, 
equation  of  the  tangent  at  any  point  in  the  curve,  and  the  focus  of  the  differ- 
ent conies.  Though  rectangular  coordinates  are  used  principally,  reference  is 
made  to  oblique  coordinates,  and  a  chapter  each  is  given  to  polar  coordinates 
and  the  transformation  of  coordinates  The  first  section  closes  with  a  chap- 
ter on  certain  curves,  not  conies,  giving  equations  and  graphs. 

The  treatment  of  the  second  section  of  the  book,  covering  about  100 
pages,  is  similar  to  that  of  the  first.  Straight  lines  and  planes  in  space,  their 
equations,  and  the  angles  between  them  are  discussed;  the  shape  and  equa- 
tions of  the  several  conicoids  are  also  given ;  and  chapters  are  devoted  to 
polar  coordinates  and  transformation  of  coordinates  in  space.  The  section 
closes  with  a  chapter  on  the  "General  equation  of  the  second  degree,"  which 
includes  a  classification  of  the  conicoids. 

The  book  is  well  supplied  with  problems  to  be  worked  out  by  the  student 
The  method  of  treatment  is  good,  the  diagrams  are  clear,  and  the  work  con- 
tains a  half  dozen  excellent  half-tones  of  the  conicoids.  The  book  is  recom- 
mended to  teachers  and  students  interested  in  this  subject.  J.  G. 

A  Manual  of  Volumetric  Analysis.  By  Virgil  Coblentz,  Professor  of 
Chemistry,  New  York  College  of  Pharmacy,  and  Anton  Vorisek,  Pro- 
fessor of  Analytical  Chemistry  in  the  College  of  Pharmacy,  Columbia  Uni- 
versity. P.  Blakiston's  Son  &  Co.,  Philadelphia.  1909.  Cloth,  6  by  9  ins. ; 
pp.  234,  including  index;  37  illustrations.    Price  $1.75. 

It  is  rather  unusual,  among  the  many  scientific  handbooks  and  other  pub- 
lications, to  come  across  so  thoroughly  readable  and  interesting  a  text  book 
as  this  work.  The  arrangement  of  the  authors'  material  is  such  that  the 
student  has  very  little  trouble  in  fixing  the  theory  of  volumetric  analysis. 

The  general  tone  of  the  book  is  bright  and  very  clear ;  the  theory  of  the 
application,  very  simple. 

Particularly  is  one  impressed  with  the  importance  of  Chapter  I,  and  its 
painstaking  survey  of  the  little  necessary  details  that  simplify,  while  at  the 
same  time  strengthen  them.  The  accuracy  of  all  volumetric  actions — one  of 
the  great  criticisms  of  the  average  chemical  hand  book — is  regarding  the 
absence  of  such  detail  under  the  impression  that  every  reader  will  be  equally 
able  to  read  between  the  lines.  In  this  case  such  information  is  so  thoroughly 
and  interestingly  handled  that  the  earnest  reader  will  never  go  far  wrong 
once  the  authors'  ideas  are  embodied  in  his  chemical  understanding. 

The  theory  of  indicators  in  Chapter  II  is — in  the  reviewer's  mind — one  of 
the  best,  most  complete  and  enlightening  expositions  he  has  ever  had  the 
good  fortune  to  read.  In  fact,  the  entire  structure  of  the  authors'  work  is 
such   that    the    reader's    ideas   are   established   logically   and   accurately,    and 
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while  there  is  not  present  the  great  mass  of  detailed  application,  the  theory- 
is  so  firmly  established  that  this  absence  is  rather  a  satisfaction  than  other- 
wise. W.  A.  C. 

Metallurgy  of  the  Common  Metals  (Non  Ferrous).  By  A.  Humboldt 
Sexton,  Professor  of  Metallurgy  Glasgow  and  West  of  Scotland  Tech- 
nical College,  and  John  S.  G.  Primrose,  Prin.  Asst.  Metallurgical  Dept. 
Glasgow  and  West  of  Scotland  Technical  College.  The  Scientific  Pub- 
lishing Co.,  Manchester,  Eng.  Cloth,  5^  by  Sl/2  ins.;  pp.  483;  many  illus- 
trations.    Price,  7s  6d. 

This  little  book,  as  its  title  states,  is  devoted  to  the  common  metals,  other 
than  iron,  namely,  copper,  tin,  zinc,  lead,  antimony,  aluminum  and  nickel, 
and  is  intended  as  an  introduction  only,  or,  as  it  might  better  be  called,  a 
summary.  A  list  of  larger  works  on  the  subjects,  with  a  brief  statement  of 
the  nature  of  each,  is  contained  in  an  appendix. 

The  typographic  work  is  excellent,  and  the  arrangement,  with  catch  words 
and  phrases  in  black  faced  type,  most  convenient. 

The  matter  is  clearly  and  concisely  stated,  and  there  is  a  vast  amount  of 
information  in  condensed  and  accessible  form.  The  good  index  at  the  end  of 
the  volume  cannot  be  too  highly  commended.  Such  an  index  doubles  the 
value  of  any  work. 

In  some  places  the  authors  might,  with  advantage,  have  been  more  explicit. 
For  example,  the  statement  that  aluminum  alloys  readily  with  most  metals, 
should  have  been  accompanied  by  the  further  statement  that  only  those  of 
its  alloys  are  of  value  which  contain  a  considerable  excess  of  one  of  the 
constituents ;  the  intermediate  alloys  mostly  disintegrate  and  are  worthless. 

The  omission  of  any  date  of  publication  or  completion  must  be  criticised. 
This  is  very  common  in  English  works,  and  is  a  most  reprehensible  practice. 
People  are  entitled  to  know  when  their  eggs  were  laid. 

On  the  whole  the  book  fills  a  want  and  is  most  welcome,  and  the  authors 
are  to  be  congratulated  on  their  work.  W.  S.  B. 

Mechanics'  and  Machinists'  Pocket  Book  and  Diary.     1910.     By  William 

H.  Fowler.     The  Scientific  Publishing  Co.,  Manchester,  Eng.     Cloth;  4  by 

6  ins. ;  pp.  448.     Price  6d  net. 

This  is  the  second  edition  of  a  little  book  of  the  kind,  that  is  much  valued 
by  the  general  mechanic,  machinists,  millwrights,  tool  makers  and  even 
draftsmen,  who  are  in  want  of  some  practical  information.  Its  low  price  puts 
it  within  the  reach  of  everybody,  and  even  the  young  men  in  this  country  who 
have  at  times  worked  under  the  reviewer  have  liked  these  moderate  priced 
English  books. 

The  contents  are  almost  the  same  as  in  the  last  edition :  After  the  usual 
mathematical  tables,  there  was  inserted  a  chapter  on  logarithms  and  a  popu- 
larly written  instruction  to  use  them.  Their  application  in  form  of  mechan- 
ical and  pocket  calculators  is  also  new.  The  paragraph  on  drilling  and  boring 
metal  has  been  abridged  probably  without  doing  any  harm.  "Emery  and  Emery 
Wheels"  stands  without  change,  and  seems  to  have  room  for  a  little  up-to- 
date  information  on  grinding  and  grinding  materials.  Miscellaneous  tools 
and  appliances  have  not  been  treated  upon  in  this  edition,  and  it  seems  to  be 
as  well,  as  their  number  is  endless  if  looked  at  in  the  light  of  previous  edi- 
tion. The  addition  of  several  tables  on  screw  threads,  bolt  nuts,  etc.,  makes 
the  book  more  valuable,  although  the  new  edition,  as  well  as  the  old  one,  has 
the  great  drawback  of  having  the  index,  table  of  contents,  list  of  advertisers, 
etc.,  scattered  through  the  advertisements,  and  some  of  the  latter  ones  are 
even  to  be  found  in  the  text. 

All  together,  the  book  is  very  useful  to  the  practical  mechanic,  whom  it 
is  intended  for.  H.  G. 

Concrete  Inspection.  By  Charles  S.  Hill.  A  manual  of  information  and 
instructions  for  inspectors  of  concrete  work,  with  Standard  and  Typical 
Specifications.     4  by  6  ins.;  pp.   179,  with  index  and  illustrations.     Cloth 
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bound.  _  Price  $1.00.     The    Myron   C.   Clark   Publishing   Co.,   New    York 

and  Chicago.     1909. 

"Careful  inspection  is  a  vital  factor  in  securing  safe  and  enduring  concrete 
work.  No  matter  how  well  the  engineer  may  design,  his  work  will  come  to 
naught  unless  his  design  is  accurately  carried  out  by  careful  and  skillful 
workmanship  with  good  materials."  And  it  is  to  secure  such  results  is  the 
duty  of  the  inspector.  Hence  this  book  on  Concrete  Inspection  is  an  attempt 
in  the   right   direction. 

The  inspector  on  concrete  work  is  often  one  of  the  most  troublesome 
problems  wjth  which  the  honest  and  experienced  contractor  has  to  deal ;  also 
to  the  architects  he  can  be  of  great  help  or  a  constant  source  of  annoyance. 
Unfortunately  most  inspectors  on  concrete  work  are  not  well  informed  and 
have  little  practical  judgment,  and  altogether  too  frequently  they  possess  many 
of  the  weaknesses  of  mankind. 

Therefore,  a  book  which  gives  general  information  and  aids  to  a  practical 
judgment  could  well  have  a  brief  chapter  on  the  duties,  rights,  and  limita- 
tions of  the  inspector.     Such  a  book,  cheap  in  cost,  is  certainly  needed. 

The  aim  of  the  book  before  me  is  to  give  in  a  brief  form  the  general  in- 
formation, calling  attention  to  the  reasons  and  relative  importance  of  the 
various  rules  given.  The  book  shows  careful  selection  of  reliable  material  in 
accord  with  the  latest  practice.  It  is  suggested,  however,  that  for  a  later 
edition  the  value  of  the  book"  could  be  enhanced  by  drawing  more  from  prac- 
tical experience,  and  giving  the  young  inspector  pointers  as  to  actual  condi- 
tions which  occur  all  along  the  line.  The  conscientious  young  man,  imbued 
with  the  customary  opinion  that  all  contractors  are  thieves,  and  not  knowing 
what  to  expect  from  materials  or  men,  is  certainly  in  need  of  practical  sug- 
gestions. W.  A.  H. 
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The  Library  Committee  wishes  to  express  thanks  for  donations 
to  the  library.  Back  numbers  of  periodicals  are  desirable  for 
exchange  and  in  completing  valuable  volumes  for  our  files. 

Since  the  issue  of  the  Journal  for  October,  1909,  we  have  the 
pleasure  to  report  the  following  additions  to  the  library  and  gifts 
from  donors  named: 

MISCELLANEOUS   GIFTS. 

Chicago  Academy  of  Sciences : 

Fall  Announcement,  September,  1909.     Pam. 
University  of  Tennessee,  Knoxville,  Tenn. : 

Manual  for  Engineers,     v.  p.   1. 
Railroad  Age  Gazette,  Chicago. 

Biographical    Directory    of    Railroad    Officials    of    America. 
Cloth. 
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